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bout This Publication

The Maryland Pilot Earth Science and Technology Education Network [MAPS-NET)
project wes sponsored by NASA to enrich teacher preparation and classroom learning
in the darea of Earth system science. Teachers who participated in MAPS-NET completed
o graduate-level course and developed activities that incorporate satellite imagery and
encourage the hands-on study of Earth.

This publication includes the Teacher's Guide that replicates much of the material
taught dunng the graduate-evel course and Activities developed by the teachers.
Both dre important elements in the series, Looking at Earth from Space, develop.d
O Provide teachers with 4 comprehensive approdch to using sqatellite imagery to
CNHANCEe SCENCe CauUcaton

The Teachers Guicde will endable teachers {and students) to expand ther knowledge of
the atmosphere, commaon weather patterns, and remote sensing. Because the Guide 1s
destaned to expand teachers” knowledge, 1tis divided into topical chapters rather than
by grade-lovel The Activities are isted by suqgqgested grade level

Aruitoxt provided by Eic:
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LOOKING AT EARTH
FROM SPACE

The launch of the first environmental satellite by the United States on April 1, 1960,
dramatically changed the way we observe Earth and the frequency of those observa-
tions. Looking at Earth from space meant that monitoring the atmosphere was trans-
formed into a global capability and perspective. Isolated local information became a
component in a worldwide view of the atmosphere. The polar ice caps and the large
areas of Earths surface covered by water could remain inaccessible to ground observers,
but that did not preclude information from being obtained by remote sensors.

ophisticated technology enables and challenges us to:

observe the changing Earth system,

identify the changes caused by nature and those effected by humans,
understand those interactions,

assess the impact of those changes, and

eventually, predict change.

Technology provides constantly improving tool; for conducting this task, but scientific
knowledge, observation, assessment, and prediction are the objectives that drive it forward.

Remote sensing is the ability to acquire information about an object or phenomena by
a device that is not in physical contact with that object. Direct readout is the capability
to acquire information directly from environmental satellites. Users of ground station
equipment can obtain real-time data from environmental satellites. Data can be dis-
played on a personal-computer screen as images of Earth (similar to those seen on tele-
vision weather forecasts). This exciting capability is impacting the way many students
now study Earth, and providing many with experience using first-hand satellite data.

The practical utilization of technology has real merit in preparing students for future
careers. But more importantly, direct readout technology transforms them into explor-
ers. This experience can spark interest in science and math, further understanding of
our planet, and provide a clearer perspective of our individual and collective responsi-
bilities a. caretakers of Earth. It underscores the importance of international coopera-
tion for observing Earth and developing strategies to preserve it.

This Teacher’s Guide was developed by the NASA-sponsored Maryland Pilot Earth
Science and Technology Education Network (MAPS-NET) project. MAPS-NET, in partner-
ship with the University of Maryland, College Park, Department of Meteorology, imple-
mented a science-based utilization of direct readout to study Earth. The MAPS-NET
materials enhance both teacher preparation and existing school curriculum.
Participating Maryland precollege teachers developed activities and contributed to
both the course content and the development of this Teacher's Guide. Their emphasis
on curriculum relevancy and classroom implementation was the leading influence in
shaping the information presented in this manual

This Guide was designed for teachers (as background, for training, or for classroom
apphcation) and focuses on the study of meteorology, with application to satellite
imagery. Segments on topics such as environmental satellites, orbital prediction, and
setting-up environmental satellite ground stations are included. Each chapter may have
independent classroom application, as well as contributing to a comprehensive undet-
standing of looking at Earth from space.

J




NASA'S MissION TO
PLANET EARTH

The perspective from space is a unique one, providing a global view that is available in
no other way. While scientists of the past were limited by the types of observations
available, todays scientists use measurements collected from a number of perspectives.
Data from space-based instruments have become an integral tool for studying our
global environment. For example, remotely-sensed data indicating ocean temperature
helps explain changes In poldr ice, ocean vegetation, and global weather patterns.
Global ozone measurements from space were the key to discovering the ozone hole.
Studies of ocean color provide information about ocean vegetation, pollution,
changes in ocean chemistry, and subtle changes in climate.

NASAs Mission to Planet Earth [MTPE) has evolved from international concern about
our environment and the need to mount a global effort to study the causes of cli-
mate change. This program is dedicated to understanding the Earth system — how
the land, water, air, and life interact and how humans are affecting this system.
MTPE is pioneering the study of global climate change and is laying the foundation
for long-term environmental and climate modeling and prediction. MTPE is focusing
on climate changes—those changes that could occur on time scales of decades to
centuries—and possibly within our lifetimes.

This effort involves gathering long-term global measurements of the Earth system using
spacecraft, arcraft, balloons, «nd ground-based observations. The gathered data is used
to build complex computer models that simulate the processes governing the Earth

system. These models will ultimately serve as prediction tools for future global changes
providing information necessary for making informed decisions about the environmer!

A number of MTPE satellites dre collecting data. Two major research satellites are the
Upper Atmospheric Research Satelite {UARS) and the Ocean Topography Experiment
(TOPEX/ POSEIDON) UARS, launched September 1991, is investigating the Earths
upper atmosphere and the effects of human activities on stratospheric ozone levels,

Understanding the dynamics of ocean circulation and its role in climate change is the
main godl of TOPEX/POSEIDON, « joint effort between NASA and the French Space
Agency, launched in August 1992. Oceanographers are 1ising data from TOPEX/
POSEIDON to study climatic phenomenon such as El Nino, a recurring event that
brings devastating weather to severdl global regions, including heavy rains and flood!-
ing to California, colder than normal winters across the United States. and severe
droughts and dust storms to Australia. Insights gained from the TOPEX/POSEIDON
investigation will not only advance our basic saence ki wledge, but will also aid in
mitigation of cconomic and environmental impacts related to climate.

The centerpiece of MTPE 1s the Earth Observing System (EQS). EOS will consist of o
series of smadll- to intermediate-sized spacecraft, pianned for launch begrning in 1998
These satelites will provide global measurements over an eighteen-year period
Measutements for this period or longer are needed teassess the impact of natural
changes (e ¢ . EINino events andd the solar cycle) versus human-caused chandes

(€ g, pollution. urbanzation] FOS satelites will carry & suite of instruments designed
to stucly global cimate chancge, focusing on the following key research areas

U




The role of clouds, radiation, water vapor and precipitation.

The primary productivity of the oceans, their circulation, and air-sea exchange.
The sources and sinks of greenhouse gases and their atmospheric transformations
Changes in land use, land cover, primary productivity, and the water cycle.

The rofe of polar ice sheets and sea level.

The coupling of ozone chemistry with climate and the biosphere.

The role of volcanoes in climate change.

In addition to EOS and research satellites such as UARS and TOPEX, MTPE will inciude
Earth Probes — discipline-specific satellites with instruments that will gather observa-
tions before the launch of the EOS platforms. Earth Probes will include the Tropical
Rainfall Measuring Mission (TRMM |, Sea-Viewing Wide Field Sensor (SeaWiFS), which
will measure ocean vegetation, reflights of the Total Ozone Mapping Spectrometer
(TOMS], and a NASA scatterometer designed to measure ocean surface winds (NSCAT]

Data from these missions will be complemented by other datasets. Space Shuttle exper-

iments, Landsat data; data from U S., European, and Japaricce-operated polar and
geostationary environmental satellites; and ground-based observations from shups.
buoys, and surface instruments all contribute to MTPE.

MTPE Information is not only critical for scientific research, but can also play an important
role in science education. Through cducational materials such as Locking at Earth from
Space, NASA encourages teachers to use d space perspective to spark therr students’
imagination, and capture therr interest 1N and knowledge of Earth system science




SAMPLE USES FOR DIRECT READOUT
IMAGES AND DATA IN EARTH SCIENCE STUDY

iology and Agriculture

s use sea surface temperature to determmne
location of various species of fish

s determine probable crop production {Cropics|

*  land management

correlate ranfall and vegetaton vigor

o study effects of acid rain on vegetaton

eology

o dentfy land formations, codast ines, mountain:, ikes
. » determine areas of \ ater sheds

* Jocate active volcanous

*  monitor Earth resources

s compare water and land temperatures

» dentify renewable and non-renewdabie renources
s study how Earth evolves over.time

eteorology

» produce daily wedather reports, monthly averages, dannudl Compdarsor s
s develop weather forecasts

e track severe storms

s study upper air circulation and jet streams

® MEASUre SNOW and (ce areas

o compare Earth and satellite views of ¢ -ouds

» develop cloud cover indexes for regions of the Barth

o compadre seasondl changes of o specific region

s dentify weather fronts

ceanography

o study sed surface temperatures [carrents)
o predict fish harvest based upon sed sarface temperatures

' o conduct me studies companng erosion, land formations

Q
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WEATHER SYSTEMS AND

hl

SATELLITE IMAGERY

s chapter provides a theoretical and
technical discussion of how satel-
lite Images can be used to under-
stand the most common weather
pattern observed In the northern
mid-latitudes of Earth.

This chapter was prepared by
William F. Ryan, University of
Maryland, College Park,
Department of Meteorology.
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INTRODUCTION TO MID-LATITUDE
‘ WEATHER SYSTEMS

ection 1

One of the first applications of data and images supplied by satellites was to improve
the understanding and prediction of weather. The object of this chapter is to use
satellite images and meteorological concepts to describe the most common weather
patterns of a portion of the Earths atmosphere. In this chapter, we will concentrate

on the northern mid-latitudes, the area of the Earth between 30 and 60 degrees north
latitude, and the extratropical cyclone which brings the ch -nges in weather that we
experience in these latitudes.

In figure la (page 10), a full disc image of the Earth taken from the GOES* satellite is
shown. The region of the mid-latitudes is distinguished by the wave-like structure of the
clouds that are observed. The length, amplitude, and number of these waves have
remarkable variation. In addition, the waves evolve over time and space. In figure 2
(Page 12). a GOES image of the continental United States shows a close-up of one
mid-latitude wave An even closer view can be obtained from a polar-orbiting satellite.

polar-orbiter

~

~ -

~— -
- e —

* Two mdjor types of meteorological satellites

Fnvironmental {also known as meteorological or weather) satellites are
unmanned spacecraft that carry a variety of sensors. They scan the Earth and
electronically transmit acguired information back to Earth. Two types of meteo-
rological sateliite systems provide direct readout service. The satellite systems
Aare geostationdry and polar-orbiting, named for their orbit types. The satellite
imaqes in this chapter are from U.S. Geostationary Operational Environmental
Satelites (G0ES), and US polar-orbiting satellites (NOAA-series) See the chap-
ter on satellites for more information




figure Ta. GOES 7 image, December 5, 1994, 1800
irmage courtesy of SSEC: Uriversity of Wise onsin-Madison
rectangle mdicates 1ocation of polar-orbrer maage m figuee T
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figure 1b  Polar-orbiting satelite image for December 5, 1994
image courtesy of D. Tetreault. Unversity of Rhode Island

Q
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figure 2. GOES image of wave pattern in U.S. April 30, 1700 UTC.
Image courtesy of M. Ramamurthy, Un.ersity of lilinois, Urbana/Champaign

Because the GOES image has a very wide field of view, 1t s oble to observe the extrat-
ropical cyclone in its entirety. The polar orbiter can often observe only o portion of the
entire wave, dlthough the resolution of individud! clouds 1s much more precise in the
polar-orbiter image. The greater frequency of the GOES image {once per hour) also
provides the ability to closely observe the evolution of weather features GOES iImages
dre now readily available on the Internet Information about obtaining images electron-
ically 1s included in Section 6 of this Chapter and in the Resources section

ERIC
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Because wave motion is so important to weather prediction, meteorologists have
devised standrd terminology for discussing wave structure. An idealized wave is
shown in figure 3. Waves tend to be quasi-horizontal. The top/northern-most exten-
sion of the wave is a ridge, the jagged line in figure 3 is the ridge axis. In general
terms, weather conditions beneath the ridge axis are dry and storm free. The bottom/
southern-most extension of the wave is the trough, it has a trough axis represented
by the dashed line. As will be shown in section 3, the area just ahead (east) of the
trough axis is the preferred location for storm development. The area to the west of the
trough 1s usually cool and dry.

«©

S S SC. ¢

figure 3. common mid-latitude weather pattern: comrid cloud

Weathor disturbances in the vicinity of atmospheric weves, fike ocean waves nedr the
beach, have o life cycle in which they initiate, amplify, break, and then dissipate. As a
mid-latitude cyclone moves through its life cycle, certain characteristic cloud shapes
develop that can be observed from space. At the meture stage, when the weather
associated with the wave is most intense, the satellite signdture is the spiral-shaped
comma cloud nd the weather system associdated with it 1s a4 cyclone or cyclonic
disturbance (figure 44)

Thete s often confusion dssockated with the term cyclone Cyelone refers to large-scale
closed Crculations in the atmosphere whose direction of rotation 1s counter clockwise
in the Northern Hemisphere Cyclones in the tropics, such s hurncanes, are referred
to a5 tropicdl cyclones Cyclones in the upper latitudes are called extratropical. o
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mid-atitude, cyclones. In this chapter, cyclone, or cyclonic disturbance will be used
solely to refer to extratropical weather disturbances, which are the characteristic
weather developments in the mid-latitudes.

The length of the wave, which often contains a comma cloud as in figure 3, is usually
several thousand kilometers. This is generally referred to as the synoptic scale. This
scale of wave is common in the northern mid-latitudes. There are many important
smadller scale events that can very usefully be observed by satellites, these will be dis-
cussed later. These s aller-scale events are generally termed mesoscale and include
both hurricanes and tt.= massive Great Plains thunderstorm systems that can spawn
destructive tornadoes. For most of this section, we will look carefully at the larger syn-
Optic scale waves and the extratropicdl cyclones associated with them.

synoptic scale |
| Scale of atmospheric motion that covers the range of hundreds of klometers to
. several thousand kilometers 1n the horizontal. An example of synoptic scale mete-
| orological phenomena are extratropical cyclones and high pressure systems.
'
|

I mesoscale
- Saale of atmosphenc motion that covers the range from a few kilometers to sev-

- ordl hundred kilometers—in the honzontal. Examples of meteorological effects
4‘ that occur 1N the mesoscdle are squall lines and sea breeze fronts,

If we see a comma cloud as in figure 44 (page 15), what can we sdy about the weath-
er associated with it? If we wadtch or listen to broadcast meteorologists, we often hear
about appro.ching cold or warm fronts which are displayed on the screen in blue and
red lines (figure 4b, page 16). Commonly used weather symbols are shown in the glos-
sdry on page 322. In a generai sense, the western edge of the tail of the comma marks
the location of the cold front. A warm front is often associated with the head of the
comma. Where the two fronts intersect is often the location of the area of lowest sur-
face pressure -which marks the center of the cyclone. Around this center of low pres-
sure, ines of equal pressure or 1sobars radiate outweard As we will see in more detail

later. wind flow is generally parallel to the 1sobars and therefore circulate counter-clock-
wise dbout the center of low pressure

W can make certain preliminary guesses about the current weather and the changes
that will occur in the next few hours based solely on the comma cloud pattern. in this
Case the drea behind the cold front s relatively cold and dry with winds from the west
or northwest. The area ahead of the cold front 1s usudlly moist and warm (the warm
sector) with winds from the south and southwest. Along the frontal boundaries lie
cloud hands which are dassociated with rany conditions. The douds aleng the cold
front often contain isolated. vertcally-developed couds with thunderstorms and brief,
heavy 1ain. Along the warm tront are layered clouds at vanous altitudes with fittle vert:.
Cabdevelopment Surface conditions are overcast, perhaps with ram

U
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figure 4a. GOES image April 30, 1994 1200 CDT
image courtesy ot M. Ramamurthy, University of llinois, Urbana/Champaign
comma cloud system
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figure 4b. Surtace pressure field and fronts
Can be copred onto o transparency Ancd overlaid on tigure e

In the next sections we will descnbe in qualitative terms how extratropical cyclones
develop and the satellite signatures associated with them: A standdard theoretical model
will be used to answer gquestions about the intation and development of these storms
Keep in mind that there are other weather phenomena that do not fit this model of
extrattopical cyclones yet do resuit innimportant weather effects: These phenomend
Are on g scale that can be readily obaerved by polar arbiting sateihites and will be
discussed msection 5
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WAVE MOTION AND THE
GENERAL CIRCULATION

ection 2

The weather patterns that we experience in the northern midlatitudes are driven Dy
the unequal heating of the Earths surface. The tropical latitudes (23°S - 23°N) receive
more energy input than the higher latitudes. Because the amount of heat energy rera-
diated by Earth back into space is approximately the same anywhere on the globe, the
energy imbalance is mainly due to two factors (figure 5).

s First, the Suns rays are nearly perpendicular to the surface near the equator. As a
result, they travel a shorter distance through the dense lower atmosphere and are
less likely to be reflected or dissipated.

»  Second, the tropical regions receive: more of the Suns energy per unit area due to
the curvature of the Earth.

The presence of waves and weather disturbances in our fattudes is « result of the
Earth-atmosphere system attempting to restore balance to the system Dy transporting
excess energy from the south to the north.

differential heating (latitudinal)

2

f pA

{ Z = the optical path through
| : Earth's atmosphere

1 E

! l T A, A = surface area

, 22 >> Z1

Earth =

Result:
* longer optical path at pole
- more reflection,
absorption, scattering
* larger area per unit of
insolation at pole

figuire 5

The general arculation of the atmosphere --the average rmotion of the winds around
the dglobe o ato dnven by the differential heating of the Farth In the simplest terms,
CxCess hedating near the equator causes the dir to expand . swell over the equatorial
reqions Upweird motion associated with this heating 1s typice, y concentrated in o
relatively narrow band named the Inter-Tropical Convergence Zone (ITCZ) The




satelhte signature of the ITCZ 1s a band of clouds, usually tall thunderstorms {cumulonim-
bus), that aircles the oceans nedr the equator (figure 6). The posttion cf the ITCZ varies
seascnelly, moving northward during the northern summer and moving south during
the northern winter. The ITCZ forms as a result of moist air rising under the influence of
strong surface heating. Upward motion along the ITCZ 1s imited to approximately 15
kilometers by the presence of the stratosphere. The stratosphere, which is kept very
warm by its abundance of ozone efficiently absorbing solar radiction, acts as a lid on
the lowest portion of the atmosphere—the troposphere (figure 7, page 19). For practi-
cal purposes, all the weather that we experience occurs in the troposphere

ficgure (0 1CZ bl dise GOESaimage with TOPN TOS imche ot
Miage courtesy of the SSEC University of Wisconun Madison

The it that tres i the vicirity of the 11CZ must spread out, or diverge. at the top of
the troposphere: In the simplest case (hgere 8, page 20}, we could assume that the

Farth has a one-celt croadation inowhich the air ifted at the 1107 travels north antil it
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reaches the cold polar regions
and then sinks. This would be a
direct way to restore the system
to balance. However, due to
complex eftects, the circulation
associated with the ditferential

: Earth
3 - TOIN YEY S, A
hmtmcj; of the aﬁr];o)p[huc !_; not Troposphere
o r i) WO D 14 g 3
1 simple or’. c,c I(. Ircu deIO.‘! rom - Stratosphere
t..quator ro. po e nstead, d more Mesosphere
complex multi-cell structure Jcts Thermosphere
to transport hedat energy from the Exosphere
£QUATOr 1O the poles ‘ , )
haure 7. S
roropause
truposphere \
; 7
| >
North Pole f
: )
| - - - 80°
Fiorel
g Cel
prevailing westeriies
4 3
- R |

; 5 Hadley .
: Cell

H

)

Equator 1

How 1s energy transported polew.ard”
Simphfied View of General Circulation

The nsing arr near the ITCZ 1 diverges at the top of the troposphere and some portion travels north 2

A the air moves north it radiates energy INto space and cools. As it cools t becomes more dense and sinks
3 The area of sinking motion. or subsidence. occurs near 30 N A region with strong subsidence s typicatly
very clear and warm with hght winds  The subsiding arr reaches the surface and branches outward 4 with
the northern branch traveling north 6 and the southern b+ inch traveling south to complete Hadley cell
crculation 5 The northern branch colides with cold dense polar ar moving south 7 This area. marked
by the cold front symbol { & a a )15 often the location of frontal zones and cyclome disturbanc es
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In figure 8a (page 19), a simplified description of the general circulation of the atmos-
phere in the Northern Hemisphere is given. The area of interest for this section is the
northern latitudes where the northward branch of the Ferrel cel! (point 6} interacts
with polar air moving south (point 7). Instabilities associated w1 the coexistence of
these warm and cold air masses are responsible for the weave motion that is character-
istic of the weather in mid-latitudes. The ;eneral circulation shown in figure 8a has
several distinct circulation regions, or cells. The horizontal air motion assnciated with
these cells, however, is not directly north-to-south (meridional flow) hecause the air
is flowing over a rotating sphere (see figure 8b).

g Ferrel and Hadley cells 1

L
% Q horse

| prevailing westerlies
A iatituges

e mgh -bré-ssur-e

|
northe\as:t trad?s“, Lok & \ |

[
o

a low pressure 0% aonrurms
r * P Pr r
\ hlgh p-zressure
- . o horse
, ? > } lantude

figure 8h

Hadley cell

Single-cell model of circulation that assumes Earth is uniformly covered with
water, that the Sun 1s always directly over the equator. and that the Earth does
not rotate. Circulation consists of a closed loop with rising air over the equator
and sinking air over the poles Named after 18th century meteorologist,
George Hadley

Ferrel cell

| Each hemisphere of the rotating Earth has three cells to redistribute energy The
. muddle cell, named for American meteorologist Williim Ferrel, 15 completex
when surface air from the horse latitudes flows poleward toward the polar front

Csurface high pressare s located at the poles and near 30 Tatitude, Tow pres
| SUTC exIsts over the equator and 60" latitude

Because the Earthis rotating, our point ¢f view about tocal motions - our frame of ref
erence--is 1otating as well (figure 9, page 21) Although this motion s imperceptihle to
us, if we observe Farth from a vantage point in space. the Earth rotates heneath s
from night to left (counterclockwisel As an example of the effect of the Farths rotation

on relative motion figure 9 shows a basebdll {or parcel of i) moving northwared

high speed from point A ta B, 1 the length of the tr s long enough, the £ oath waili ‘

2t
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rotate under the baseball (or parcel of air). Aithough the baseball continues moving
north relative to our geostationary point of view, when the path of the basebail (or air
parcel) is traced on the Earths surface, it appears to have curved to the right. The
apparent force which accounts for such curved motion in a rotating frame of reference
is called the Coriolis effect. The Coriolis efect accounts for the large scale horizontal
winds that are driven by the general arculation of the atmosphere

Coriolis Effect

c o .C |
B B //
| ! <
‘5‘ o ‘ . 25
| AT AL
\ T ‘ |

L higure 9

E The Corols effect hdas several impaortant characteristics
i

1

1. The Conols effect 1s a defiecting force. It acts at nght angles to wind direc-
ton but does not affect wind speed

.2 The strength of the Coriolis effect 1s proportional to wind speed.

3 The Conolis effect deflects winds to the right in the Northern Hemisphere,
Thus northerly moving winds are bent eastwdrd and southerly moving
winds are bent westward. The reverse is true in the Southern Hemisphere
winds are deflected to the left, meaning northerly moving winds are bent |
westward and southerly moving winds dre bent eastward | -

d 0 There s no effect ot the equdator

The inflience of the Conols effect on general areulation gives us the prevehing wind
regimes that were observed by satlors centunies ago- For example, the winds thedt
maove from north to sout nom the lower latitudes into the 1CZ dre deflected to the
nght fwestwar ) and procuice the northeast trade winds, observed in the Canbbean
and Hawan thagure 10 page 221 Thoewinds that move south to-northn the midlat-
tudes are deflected to the night and form the prevalineg westerlies m this ared




Now that we understand the overall circulation patterns of the atmosphere, we cdn

return fo the eneigy balance issue; the transport of heat from the equator to the poles

The southernmost celis nf the general circulation (Hadley and Ferrel) are fairly efficient in

transferring heat directly from the tropical regions. In the mid-latituces, the general crcu-

latinn and the Coriolis effect combine to produce conditions less favorable to energy

transfer. The mid-latitude, wvesterly winds are oppased by easterly winds produced by

polar air shding southward (figure 10). Due to dfierences in density, the two air masses )
do net rendiy mix and the transfer of warm air poleward is retarded. How then is heat

transported poleward across the mid-latitudes to restore balance to the system?

The mechanism which transports energy poleward in the mid-atitudes s the cvclonic dis-
turbance. On satellite images, the distinct comma cloud pattein associated with these
storms indicates the enerqy transfer. The process by which the transfer of werm air pole:
wadrd occurs s summarzed i qualitative terms in figure 11 [page 23). The process begins
WIth the transport of warm air to the mid-atitudes. As noted above, this air mass oes
nat readily mix with denser polar ar. Over time, the west winds i1 the micH-atitudes con:
tinue to absorh heat transported northward and a strong latituding temperature gra-
dient develops with increasigly warm air bordering on cold polar ai. As the gradient
becomes progressively stronger, a small disturbance, wich 1s often dssociated with the
movement of smualler scale waves and the structure of the jet stream, begins to amplify
Qver time, 4 large wave develops which sweeps waim air poleward and finally heat i
exchanged. The latitudinal temperdture gradient decreases and stable conditions return ,

[ i et e e e e e 4 Lee s emmeceei e s o e e e et =t e o e e L .
|
|

Eartn’s weather patterns are a result of the unequal heating of the Earths surtace. The trop
ical latitudes rezeive more energy from the Sun than the higher lantudes

Averaged over Edrth. incoming radiation from the Sun approximetery equels outgairg Earth
radiation. However, this energy balance 1s not maintained in all latitudes-—the tropics exper
ence a net gan, the polar regions a net loss

Coriolis Effect & General Circulaticn

The Earth-atmosphere system attempts to
restore balance to the system by transport-

iNg excess enerqgy from the equaronal /’m
g Ay q ‘ / o S

rod ons to the poles

0 harse
iatitudes

prevailing westerlies A7 7
Differences in pressure within the atmos: e nighoressure
phere cause air to move--wind 1o blow T e i e

northeast trades o

Vo s
fow pressure
r L d P\

\

General atmaosphenc areulation represents
average air flow around the world Actual
wInds At any 1ocation meay vary consicler
Aably from this average

o}
0 dolgrums

high pressure

- .. 0 horse

) 307 arvuden

WiANA direcion 1s given as the direction N S > > >

from which the windd 1 Dlowing, 1o o \ rFr ® B
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A 60
northh wind blows fron northy to south __/

figure 10 ; .
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Waves in the Mid-latitude Westerly Flow

U

baroclinic stability baroclinic instability |
straight Westerly winds Meandering. wavy westerly ;
do not efficiently winds will yield large-scale
transport energy ~xchanges of warm and
poleward. The cold air, thus transporting
latitudinal energy poleward. As
temperature coid v energy is transported
gra|céient will b 4 p:gteimz(gé:he
uild up. i
cold v AY\ temperature
V) t v gradient will
warm “ lower.
40 N

H A varm

equator

T

figure ! adapted fromi the course materidls of Dr Owen Thompson,

University of Maryland

The cycle shown in figure 1115 idealized and occurs in many different permutations
with a variety of reglonal effects. At any given time, several examples of the process
can be observed on GOES images {figure 12|

figure 12 GOES image, May 15, 1994, containing several cyclones,
image courtesy of M. Ramamurthy, University of llinois, Urbana/Champaign

cyclone 3 cyclone 2 cyclone 1 '




CYCLONIC DISTURBANCES
- AND BAROCLINIC INSTABILITY ‘

In this section, the wave motion that is characteristic of the weather in the mid-latitudes
is investigated in more detail. A pattern of regular storms in the mid-latitudes has been
known for many years (see historical note on page 25). However, the first modern par-
adigm for describing the development of mid-latitude disturbances did not appear until
the time of World War I At that time Vilhelm Bjerknes— a noted hydrodynamicist, his
son Jacob, and other Norwegian scientists set up a research facility in 8ergen, Norway.
Because of the war, all sources of weather data were cut off. To prepare local forecasts,
the group—iater known as the Bergen School, set up a dense observational network
across Norway. The data coliected from this network was used to develop what has
come to be known as the polar front theory. This theory postulated the existence of the
now-familiar warm and cold fronts, as well as the three-dimensional motions associated
with them. Although many of the concepts associated with the polar front theory had
already existed or been hinted at, the scientists of the Bergen School created a com-
plete and coherent three-dimensional picture of the Iife cycle of extra-tropical cyclones.

The data upon which this theory was based was primarily a network of surface obser-
vations, supplemented by limited upper air data. The polar front theory predates many
observing systems in use today including the global upper air observation network,
radar, and satellites. However, the basic insights contained n this paradigm still form
part of the current understanding of extratropical cyclone development and are a use-
ful place to begin to understand what we see on the sateliite images.

T m———— - @

Polar Front Theory

1a b 1c 1d
cold
cold -
- / o g »
. > warm
1 warm

»

warm | 4

‘{ 2a o a¢ 2d

fiqure 13 pancl 1, a-d four-stage pressure and front fields
panel 2, a-d four-stage wind and temperature field

The evolution of the wave s desenbed by the polar front theory s snown in higure 13
The symbols tor fronts are shown in the Glossary Linder weather symbols The weave
PASSES through several distinct stages with charactenistic surface weather phenomen

Assocated with each stage '

20




e Instage la. and 1b., a stationary polar front exists in a region of locally lower
pressure (pressure trough) between two air masses. Cool polar air 1s to the north
and warmer tropical air to the south. This is a local expression of the stable
condition shown in figure 11 (page 23) regarding the general circulation.

= A~ kink or open wave forms in stage b with low pressure at the center of the wave.
The inverted V-shape In stage b now contains the familiar cold and warm fronts.
The cold front moves faster and eventually catches up to warm front.

= The top of the inverted V becomes closed in stage ¢. This is the occlusion stage
of a4 mature system, the storn is now intense: with a distinct comma shaped cloud
pattern associatedd with it

o AS e occlusion progresses in stage d. the main area of werm, moist air becomes
Koldted from its source. The storm will spin about itself and slowly dissipate. This
solarecd rea of warm air jwarm eddy) in stage d 1s an example of the poleward
transfer of heat that acts to restore the Earth system to balance

Historical Note
Advances in the field of meteorology have paralleled general technological advances.
The invention of the telegraph in 1845 allowed, for the first time, the rapid communi-
cation of weather date and the ability to create timely weather maps. The day-to-day
weather motions revedled by these charts provided the ability to provide short-term
forecasts The tirst requldr storm warnings were issued in the Netherlands in 1860. As
the network of surface observations increased, and theoretical understanding
improved, the first general theory of wave development. the polar front theory, was
introduced m the early 20th century (1917-1922).

The shortcoming of wedather analysis up to the early 19205 was the dearth of observa-
tions of upper air conditions. However, advances in radio technology and associated
improvements in storage battery technology made possible the invention of the radio
meteorograph (radiosonde) Inexpensive radiosondes were the key to the develop-
ment, during the period from 1920-1950, of a global network of regular upper air
observations. The data from this network stimulated theoretical investigations of the
physics of the atmosphere culminating, just after the Second World War, in the work of
Jule Charney and Arnt Eliassen. These scientists, working independently, adapted the
generdl equdtions of hydrodynamics to provide the possibility of a mathematically man-
ageable deccnption of three-dimensional atmospheric motion

The problem with theoretical mvestigations of atmospheric moton was the inabity to
carry out the immense number of calculations involved N solving the equations of
motion. The dadvent of the general purpose (programmable) computer in the early
19505 tinally surmounted this problem and allowed rapid and sigruficant advances in
macteorology I fact, the first peacetime use of @ multipurpose electronic digital com-
puting machine {the Flectronic Numernical Integrator and Computer or ENIAC) was to
predict woather I the following years, ddvances in semi-conductor technology has

' meade computers more poswerful and able to solve more complex forecast problems
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However, any computer forecast 1s dependent upon the data used as inpu. While a
dense network of observations existed over the land areas of the Northern F.omisphere,
many remote areas of the globe—particularly the oceans—were Not routinel,’
observed. The satellite era, beginning in the early 19605, provided the capability for
global weather observations These observations further improved computer forecasts

In the future, advances in observations, computing technology, and remote sensing will
continue to drive advarices in forecast meteorology, particularly in the areas of longer
range (greqter than 6 day| forecasts and local, severe weather forecasts. The information
now beccming available from Doppler radars and the neva generation of geosynchro-
nous satellites will also improve the theoretical undersianding of the atmosphere,

The polar front theory gained generdl acceptance by World Wer [l because it was able
to explain the observed weather associated with muicklattude disturbances In figure
Tda. vertical cross-sections through the cold and warm fronts are shown The cloud
patterns that are associdted with the different regions of the disturbance dre o function
of th.e vertcal structure of the atrnosphere at each location The cold front s character-
ized by cool. dense air which burrows under warm, moist air As we will 5¢e in more
detail later, rapid Ifting and cooling of moist 4 produces the thunderstorrns that fre-
quently accompany frontal passages. and are often large enough to be fully detected
Dy satellite images. Conversely. the warm front corasts of warm air rsing graduetly
over slightly cooler air This slowly rising «ir produces iayered. or stratfor n, clouds

fiure 144 GOES image of cyclone April 121994 0100 CDT

mage courtesy of M Ramamurthy, University of lilinors, Jrbana/Champeiin
Cross sections are AB ol fromty andd C L) fwarm front
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cold front warm front

C D

fiqure T4b Panels dre cross sectons of A-B and ¢ 1 m figure T4

The most staking aspects of the development of ciatropical ¢ycones, oy explained
Ly the polar front theory. (e the rapid lowenng  * pressure and the counter-clock-
wise rotation of winds about the center of fove poesure This dstmat ait motion

s reflected in the commea doud system that we o erve from satellites, and s
produced by four bdsic forces

Foopressure gradient force 1PGE),
/7 Conols effect,

3 centnfugal force, aned

4 fncton

I generat the motion of wind s from high prese et e pressare The center of the
nucatitude cyddone s anoarea of low pressure A et an ot thie surface converges
toward that location The Conolis effect, as discores D secnon 20 deflects the mcony-
M wind to the nght (in the Northern Hemisphere o produce A counterciook wise
rotation (hgure 15, page 28) 1 the area of Tow preares roudghly crcutan the rotation
will he countercockwise:

At distances of greater than T kdometer from the soctoace the PGE and Conolr effect are
In Halance for relatvely strarghtime flow (m cunvedd fQeasy the centrfugel force miost aiso
be consdered)  The PGE g constant force initially oo colerates o parcel of i toveard
owveer pressure (igure 15a) As the parcets speed meoreases the Conols offect deflects o
rothe nght in proportion to the speed of the porce Thie parcel oventually reachies s
velooty e hich balanee s achieved and no net tee e oxerted onthe parcel At thire,
pomt mere s No further acceleration and e velocsy of the porceb s constant The o
flovw 1 parallel to the isobears (Ines of equal pressures Tshl This bolance of POR aned
Conons e calledd the geostrophic wind (V@) assumption Above the forthe,
stirtoc e chiere fnetional eftec s e nechopble i aempran o died ApprosImation
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figure 15.

In sharply curved flow, the geostrophic assumption is no longer completely valid. It is
observed that air flow around curved ridges and troughs is still geostrophic in direction
(parallel to lines of equal pressure). But the observed wind speeds are not equal to that
predicted by the geostrophic assumption. Wind speed around a low pressure trough is
slower than predicted by the geostrophic assumption and winds around a high pres-
sure ridge are stronger than predicted by the geostrophic assumption. To explain this
difference in speed but not direction, we must consider centrifugal force. Centrifugal
force is, like the Coriolis effect, an apparent force that is used so that Newton’ laws can
be applied in a rotating frame of reference. An example is shown in figure 16. A block
of wood is tied to the center of a rotating platform. To an observer outside the rotating
platform, the block moves in a circle with force provided by the tension on the line

(T in the figure). However, to an observer on the platform, the block is at rest. To account

tor the tension on the string, an apparent outward force— called the centrifugal force
{Ce)—must be introduced.

34




Example of centrifugal force, block of wood and rotating platform

figure 16.

The effect of the centrifugal force on winds that curve around high and low pressure -
centers is shown in figure 17 (page 30} and provides a clue to the most likely location for
the development of cyclonic disturbances. The centrifugal force is directed outward from
the center of the curved motion. Near the center of low pressure, the centrifugal force
(Ce) opposes the PGF in this region and in order for the air parcel to continue moving
parallel to the isobars, the Coriolis effect {Co) must be reduced. Because the Coriolis effect
is proportional to wind speed, the speed of the air parcel is less than it would be for
straight flow. The flow around a low pressure center is slower than expected or sub-
geostrophic. The reverse effect occurs at the top of the ridge. Here the centrifugal force
reinforces the PGF and requires a stronger Coriolis effect, and stronger winds, to balance.
The flow here is faster than would be expected for straight flow {supergeostrophic). As a
result, an air parcel accelerates as it moves from the base of the trough to the top of
ridge. This acceleration creates an area of horizontal divergence ahead of (east of] the
trough. That is, air is leaving the shaded area (in figure 18, page 30} faster that it enters,
SO that the mass of air within the shaded area decreases. This reduction in mass is an area
of horizontal divergence. Areas of divergence lead to vertical motion and are a key
region for development of mid-atitude cyclones (figure 3, page 13).

Near the surface, a different sort of balance occurs. Here the winds do not flow parallel
to lines of equal pressure (isobars} but tend to cross the isobars at an angle slightly
toward lower pressure (figure 19, page 31). This is a result of frictior acting on the par-
cel of air. Friction decreases velocity so that the Coriolis effect (Co). which is proportion-
al to velocity. decreases. The PGF, which is a constant force, becomes more dominant
relative to the Coriolis effect, and air is drawn toward the center of jow pressure. This
flow across isobars accounts for the tight spiral near the heart of the comma cloud. It
also accounts for converging air near the center of the cyclonic disturbance.

The polar front theory was able to account for the wind fields we have Just discussed
as well as provide a mechanism for the transfer of heat toward the pole. The polar
front theory, based on surface observations, had shortcomings which became clearer
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as new observational techniques were developed . As upper arr soundimgs became
more widespread and trequent, it was observed that hontdi 2zones could exist for long
periods of time without becoming unstable and that strong cycdonic disturbances
could occur without preexisting frontal zones

Gradient Wind with Force Ce A A PCF
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{  See Horizontal Divergence in
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Effect of Friction as
Wind Blows Across
Earth’'s Bumpy Surface

figure 19. surface winds and friction

The theoretical explanation of the development of cyclones that succeeded the polar front
theory was first introduced in the 19405. This theory, termed ti#® baroclinic theory,
identified instabilities in the upper level westerlies as the key to cyclone deveicpment.
The baroclinic theory is better able than the polar front theory to predict when and
where mid-latitude cyclones will develop. With the advent of satellite observations in
the 19605, the basic insights of the baroclinic theory were confirmed although, as will
be explained in section 5, satellites have also identified large weather-making systems
that are not fully explained by baroclinic processes.

While the baroclinic theory is quite complex and cannot be fully described here, we can
point to the key factors that result in extra-tropical cycione development and the manner
in which they interact. Through sateliite images and uJrface and upper air charts (all
now routinely available on the Internet), these factors can be identified and tracked so
that simple, but often accurate, forecasts of cyclone development can be made.

Historical Background

Serial ascents of balloon-borne meteorograph in the late 19205 and early
19305 were able to provide clues regarding the upper-air conditions associated
with cyclonic disturbances. These showed the vertical extent of the frontal
zones - rather than abrupt discontinuities between air masses - and some indi-
cation of upper level wave structure. After the Second World War, a
radiosonde network that spanned the globe was set up which allowed for
daily analysis of upper air patterns. This allowed. for the first time, routinc
observation of the strength and extent of the polar jet stream.

With the advent of routine upper air observations, it was found that cyclonic distur-

bances tend to occur just ahead (east) of the base of the trough (figu.. 3) and that

these upper air waves—which are quasi-horizontal—ampilify along with the developing
mn e
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The interaction of the short wave trough with the surface low pressure center is shown in
figure 20 (page 32). In figure 20a, the initial state is drawn. In this situation, there may or
may not be a stationary front present. Qften there is only an area with latitudinal temper-
ature gradient present in the region shown by a stationary front in figure 20a. The short
wave begins circulating through the longer wave pattern in figure 20b. The short wave
1s identified by a kink, or constriction, within the overall, large scale, wave. As will be dis-
cussed below, upper air charts at 500mb ( ~ 5km 4bove ground) or 700 mb (~ 3km) wili
typically show the location of any short wave troughs. In figure 20c, the short wave trav-
els into the area with either a stationary front or latitudinal temperature gradient. At this
point, the surface pressure falls quickly and the classic wave form (compare figure 13) is
present. The interaction of the short wave with the s.iface low pressure center causes
the large scale wave to amplify rapidly (figure 202, The snort wave trough thus acts tc
energize the entire wave tran and heat transfer, as discussed in section 2.

Large scale instabilities, or waves, in the westerly flow in the mid-latitudes which are
triggered by the passage of the mid-tropospheric short wave troughs through a region
of strong temperature gradients can be further enhanced by circulations resulting from
accelerations in the jet stream at the top of the troposphere.

The jet stream is a semi-continuous belt of strong upper level winds that encircle the
globe with wave-like meanders. The jet stream can best be described as a ribbon of
high speed winds located at the top of the troposphere (10-15 km). At this height, the
tropopause marks the limit of the troposphere and the beginning of the stratosphere.
The jet is not continuous but has segments that are thousands of kilometers in length,
hundreds of kilometers in width, but only one to five kilometers deep.

figure 21.
polar jet ,
note: the tropopause i
is discontinuous in :
pole O the vicinity of the jets |
AN ¢

subtropical jet

tropopause
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On the average, there are two jet streams present in the Northern Hemisphere (figure
21, page 33). The polar jet is found in latitudes 30°-60°N. The subtropical jet is located
between 20-40° N and has a distinct cloud signature which is evident on satellite images
(figure 22). An important characteristic of jet streams is that wind speed is not uniform
within the jet. There exists a jet core or streak which contains the maximum winds. The
location and movement of the jet streak is a key factor in cyclone development.

The jet streak moves along the jet stream in a manner similar to the way a short wave
trough moves through the long weive pattern. jet strecxs move slowly relative to the
wind parcels that travel along the jet stream. Jet streaks are analogous to constricted
areas in a river A parcel of air traveling along the jet stream will overtake the jet streak
and be temporarily accelerated befc re exiting the region.

figure 22. GOES image, January 7, 1994, 1100 CST
image courtesy of M. Ramamuirthy, University of lllinois, Urbana/Champaign
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Jet Stream

jet streak initial state N

developing stage  \\_

figure 23.

When the surface jet streak s nedr the surface low pressuare center, the surface pressure
rapidly decreases

The accelerations within the jet streak act to ncrease upward dir motions: Because
upward motion is limited at the top of the troposphere, the air then moves outward [or
diverges) similar to the tropopauses effect on convertion at the 1TCZ. The net result of
this upward moticn in the vicinity of the jet streak s to decrease the mass of air
beneath it This results in lower surface pressure: When thie et stredk moves close (6 o
reion with a developing surface cydone, the effect s to further decrease pressare and
enhance the cyclonie crcutation (hqgure 2 3)
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figure 24.

Divergence assocated with jet streak circulations can be compadred to ¢ chimney. If the
chimney flue is open, smoke escapes and more air is drawn in to feed the fire. If the
flue is closed, smoke backs up into the fireplace and no new air feeds the fire. As a fire
needs an open flue to grow, a deepening low pressure system must contain a deep
region of divergence (figure 24).

figure 25.

Mature Extratropical Cyclone

1. At surface:
+ cold front with strong
temperature gradient
* low pressure center

jet stream
jet streak

| 2. in mid-troposphere:
; + amplified wave

. * cloud system in
| comma form

i 3. Attropopause:

* jet stream with embedded
| jet streak .
i * cloud free zones
i * north of comma cloud and ;
; behind cold front shows position |
1 of jet steam




For understanding satellite images and the current and future weather associated with
them, the factors discussed above point to information that is helpful to & full analysis.
The cioud patterns from a GOES image, or series of GOES images, will show the longer
wave pattern with troughs and ridges, as well as any pre-existing cyclones. A surface
map will show the existence of low pressure centers, surface cold and warm fronts, as
well as any stationary fronts or regions with strong temperature gradients. A chart of the
mid-troposphere {500 or 700 mb) will show the location of short wave troughs that ma
be embedded in the large scale flow. Finally, an upper air chart {200 or 300 mb) will
show the location of the jet stream and any jet streaks tnat are present. With this infor-
mation, the presence of A mature extratropical system s easily recognized {figure 25)
and areas conducive tc new cyclone formation can be identified (figure 26).

Possible Cyclone Development

jet streak (3)

(2)

area of strong gradient in

surface temperature,

doesn't have to be a front (1)
1. Atsurface

» region of strong temperature gradient (often a stationary front)
2. In mid-troposphere
* long wave trough just upstream (west) of area of strong surface
temperature gradient
* short wave trough embedded in larger-scale wave
3. Attropopause
* jet stream advances from west with embedded jet streak

figure 26




A sequence involving several extratropical cyclones is shown In figures 27 a-f (pages
38-43) Infigure a a mature cycione, centered in central Quebec, was exiting North
America on Apnil 10, 1994 The cold front associated with it is moved into northern
New England. The front was fairly weak at this stage in its evolut:on; as it trailed into
the central United States it became nearly stationary. Along the stationary front in
Oklahoma, Nebraska and Missouri, a slight curvature was present in the cloud shield
This curvature was the first sign of the Zevelopment of the next cyclone in the series

figure 27a. GOES image, April 10, 1994, 1200 CDT
image courtesy of M Ramamurthy, University of lllinois, Urband/Champaign




in figure b, a polar-orbiter image from April 11th showed the front passing through
the mid-Atlantic states and moving out to sea. Note that the cloud deck along the
front is not well-developed, a sign that the front 1s weakening. To the west, however,
a considerable amount of cirrus was present suggesting thunderstorms and signifi-
cant convective activity.

figure 27b. NOAA 10 (AM] image, April 11, 1994
image courtesy of D. Tetreault, University of Rhode Island




In figure ¢ the beginning comma cloud circulation is seen in a GOES IR image from
Aprit 11th. This arculation, centered roughly over Kansas, began in the curved area
noted the previous day. The cloud shield associated with this circulation is extensive.

figure 27c. GOES image, April 11, 1994, 09C0 CDT
image courtesy of M. Ramamarthy, University of lllinois, Urbana/Champaign




On the following day, figure d, the comma cloud was fully formed. The cloud stretches
from lowa through eastern Texas. The head of the comma is less distinct although it is
visible over Kansas and Nebraska.

figure 27d. GOES image, April 12, 1994, 1AM CDT
image courtesy of M. Ramamurthy, University of lllinois, Urbana/Champaign




Two days later, on April 14th, this cyclone followed its predecessor and moved into the
Atlantic Ocean. The polar orbiter image (figure €} shows the location of the front. Note
that the cloud features are better resolved (sharper. more detailed) in the polar-orbiter
images than in the corresponding GOES image in figure 27f Images from the newest
GOES satellites will be higher resolution and will provide more detailed images. See
the Satellites chapter for more inforrnation.

]

figure 27e. NOAA 10 (AM] image April 14, 1994
Image courtesy of D Tetreaalt, University of Rhode Island




This sequence of several cyclones following each other is fairly common. As the initial
cyclone weakens, the trailing (western) portion of its cold front will become stationary.
This stationary front is a region of strong temperature gradients. The appearance of the

next upper air wave and jet streak is often sufficient to start the cyclone formation
process again.

=

figure 27f. GOES image, April 14, 0600 CDT
image courtesy of M. Ramamurthy, University of lllinois, Urbana/Champaign




CLouDS

ection 4

In this section, cloud formation is explained and typical clouds types that are associated
with midiatitude cyclones are described. The cloud features within a mature cyclonic
disturbance are typically organized in a comma form. Specific cloud types can be iden-
tified with polar orbiter images and, to a lesser extent, GOES images.

Air is comprised mainly of nitrogen and oxygen, but also contains a small amount of
water vapor. Clouds form when a parcel of air is cooled until the water vapor that it
contains condenses to liquid form. Another way of saying this is that condensation
(clouds) occur when an air parcel is saturated with water vapor.

The amount of moisture in a parcel of air is expressed in a variety of ways. The stan-
dard scientific measure is the partial pressure of water vapor. Partial pressure simply
refers to the pressure exerted by only the water vapor part of the air parcel. The stan-
dard unit of measurement is millibars (mb) and is typically a small fraction of total
atmospheric pressure. The water vapor content can also be expressed as a mass mixing
ratio, that is, the mass of water vapor per total mass of arr. Mixing ratio is usually
expressed as grams H,0 per kilograms air.

The partial pressure of water vapor at the point of condensation is termed the satura-
ton pressure (e¢). The saturation pressure of any air parcel is proportional to tempera-
ture and is describedd by the Clausius-Clapeyron equation, figure 28
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\ If ambient conditions are: T=T,, e= e,
| then the system is not at equilibrium with respect to H20,
l thatis e, < e for temperature =T,.
‘ But what happens if we cool the air, with e, constant,sothat T=T d?

tigure 29

An example illustrating cloud formation is given in figure 29. The starting point for the
parcel of air s Point A At this temperature (T1) and water vapor pressure (e1). the parcel
of air 15 Not saturated with respect to water vapor. That is, it is positioned below and to
the right of the saturation line (eg). If the parcel is cooled with no change in moisture, it
will move dlong the ine A-B- When it reaches point B, its vapor pressure (€} is equal to
the saturation vapor pressure (e} for th.at temperature (Tq) and condensation occurs.
The temperature atpont Bis known s the dew noint temperature or dew point.
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The ratio of the vapor pressure at Point A to the saturation vapor pressure for the initial
temperature (Point C)— expressed in percent — is the relative humidity. As the parcel
Coois along the line A-B, its relative humidity increases. When temperatures cool in the
evening, with little change in local moisture levels, relative humidity increases and
reaches a peak just before sunrise.

For a given temperature (T ):

vapor pressure at Point A

= relative humidity | |
saturation vapor pressure for Point C

Clouds may occur when air is cooled to near its dew point. There are three ways to
COOI air to its dew point:

I advection of warm air over a cold surface
2. mixing air parcels of different temperature and moisture
3. Ifting of air to higher levels

advection
The horizontal transfer of any atmospheric property by the wind.

* Fust. horizontal motion (advection) of warm and moist air over a cool surface ‘
will cause the air parcel to cool and condensation to occur. This is how advection
fog forms.

Mixing Clouds

*  Mixing parcels of different temperature
and moisture can also result in cloud
formation. The mixing cloud is
another application of the Clausius-
Clapeyron equation (figure 30).
Parcels A and B are both in the
unsaturated region of the graph.
Parcel A is warm and moist and
Parcel B is cool and dry. When they
are equally mixed, the final parcel
has a vapor pressure equal to the sat-
uration vapor pressure (e¢) and con-
densation occurs. Jet aircraft contrails
dre an example of this type of cloud

* Athird way to cool air to its dew
pointis by lifting. Because pressure | |
and accordingly, temperature. |
decrease rapidly with height, o rsing } ; %—>

parcel of air will cool rapidly
ure 30 '

on
by

ft

K]




Cloud Condensation Nuclei

In the atmosphere, clouds can form at relative humidities of less that 100%.
This is due to the presence of minute (0.1 - 2 micrometers in radius) water-
attracting (nygroscopic) particies. Water vapor will stick to, and condense on,
these particles to form clouds—hence the particles are termed cloud condensa-
tion nuclei (CCNj).

CCN occur naturally in the atmosphere. Major sources of CCN are

= volcanoes - dust and sulfate particles

s oceans - sea salt particles ,
= phytoplankton - sulfate particles !
»  wildfires - soot and dust

|
CCN can also result from mans activities. In particular, CCN occL.: as a byprod- \
uct of any combustion process. This includes motor vehicles emissions industri- |
al activity, and controlled fires (slash and burn agriculture). ‘
The effect on CCN concentrations on climate is an area of continuing research 5
For example, if greenhouse-gas-induced-glnbal warming occurs, sea surface tem ‘s
perature (SST) will increase. Will this result in increased emission cf sulfates from 1
phytoplankton? If so, will this significantly affect CCN concentraticns over the |

oceans? Will increases in CCN concentrations result in increased cloud cover? Wil |
‘ this in turn lead to a cooling effect that will modulate the warming trend? |

— —— — e

The most common ways to lift a parcel of air are: buoy.1cy, topographic Iifting. and
convergence. Buoyant lifting results from surface heating. This is a common mianner of
cloud formation in the summer. Buoyancy lifting is also called convectior and occurs
when local warm areas heat the air near the surface (figure 31aj. The warm air is less
dense than the surrounding air and rises. The rising air will eventually cool to its dew
point and form a fair-weather cumulus cloud.

figure 31
e e _

| The most common ways to lift a parcel of air are:

a b c

warm

buoyancy top. graphic lifting convergence




Air that is forced into, or over, a topographic barrier will also rise and cool to form
clouds (figure 31b). This occurs near mouniain ranges. For example, warm and moist
air from the Gulf of Mexico car: be pushed northwestward and up the eastern slope of
the Rockies to form extensive cloud dccks.

Finally, lifting occurs where there is large scale convergence of air Ifigure 27¢, page 40).
Cold fronts are a location of strong convergence as cold, dense southward moving air
displaces warmer air. Convergence can also occur on sma'' °r scales along the leading
edge of the sea or bay breeze boundaries.

The formation of clouds is an application of the First Law of Therrnodynamics. According
to the First Law, a change in the internal energy of a system can be due to the addition
(or loss) of heat or to the work done on (or by) the system. In the atmosphere system, the
change of internal energy is measured as a change N temperature and the work done Is
1. anifested as 7 change in pressure. Because air is a relatively poor conducior of heat
energy, the assumption is made that the parce! of air upon which work is being done
Is insulated from the surrounding environment. This is the adiabatic assumption. For a
rising air parcel, the change in internal energy is therefore due entirely to pressure work
with no addition or luss of heat to the surrounding environment. A simple relationship
for temperature change for a rising parcel of air can then be determined. This change
of temperature with heigint is the dry adiabatic lapse rate of -9.8°C per kilometer.

adiabatic
The process without transfer of heat, compression results in wdarming,
expansion results 1 cooling.

—— — —

Air is, of course, not entirely dry and Jlways contains some water vapor which can
condense as the air parcel rises and cools Condensation creates clouds and affects the
temperature and vertical motion of the parcel. During condensanon, heat is released

figure 32.
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figure 33

Hatent heat of condensation). This addition of heat to the systerm violates the adiabatic
assumption. The rate of cooling of an ascending air parcel undergoing condensation
is, therefore, less than for dry air The lapse rate for air under these conditions is the
moist adiabatic lapse rate and 1s approximately -5° C per kilometer (figure 32).

The process by which clouds are formed adiabatically can be summarized using buoy-
ancy clouds as an example. In figure 33, a parcel of air ([point A] is heated by the sur-
face and its temperature increases (point B). Because it 1s warmer than the surrounding
measured Arr temperature, the air parcel cools dry adiabatically as it rises (line BC). At
the height {Z) at which the parcel ccols to its dew point (T4) temperature, condensa-
ton occurs and heat is released. Because the parcel remains warmer than the environ-
ment temperature (line AE) it continues to rise but cools at & shghtly slower rate {moist
Adiabatic lapse rate). The parcel will continue to rise: until its temperdture s less than
the measured air temperature that surrounds it {Z) At this pomnt, vertical motion ceas-
s ancd the ddoud top height (Z ;) 15 attained

Mdany of the douds formed by the processes noted above can be observed by satellite.
The mid latitude cycdones that are the focus of this chapter contain « subset of cloud
types These couds are orgeanized imto common patterns which are described below

Clotics are mitially cdasstfied into types based on ther height - They are then subcasss
fieed bosedh ontherr shape While the shape of @ given doud type can often be ade-
quately observed by sateliite, determination of coud height can be difficult. In order to
fully determine cloud shape and heght, both visible and infrared satelhite images are
useful Shape or apnearance of douds can be determined from a visible imdage:, but
temperatureand, by inference, height -—are best determined by infrared images
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As noted in the Satellites chapter, GOES and polar orbiting satellites return both visible
and infrared (IR) images. Visible images are created by sunlight reflected from cloud
tops. Smooth cloud tops will give a much different reflected signal than clouds that are
irreguilarly shaped. However, two layers of smooth, thick clouds will reflect sunlight in a
similar manner making relative height determination difficult. In some cases, if the lay-
ers overlap and the sun angle is aligned properly, shadows will reveal the height differ-
ences. In most cases, the best way to determine cloud top height is by the use of
infrared imagery. Infrared sensors detect the radiation emitted by clouds. Becatise tem-
perature decreases with height in the troposphere, higher clouds will appear colder {or

whiter) on the satellite images. If image enhancement software is available, the differ-
ences can be accentuated.

Some types of clouds are not observed well by satellites. Smail clouds, such as fair
weather cumulus, dre simply too smaill to be resolved by the satellite sensors. Clouds
which dre thin or scattered also mey not be observed well (figure 34). For a thin or
scattered cloud, a GOES infrared detector will recerve infrared radiation from both the
colder cloud fragments, and in the clear spaces—from the warmer Earth. When the

total radiation 1s averaged, the satellite will see clouds that appear warmer due to this
heterogeneous field of view.

figure 34.

satellite field of view

Prior to lookmag at v ages itrs mportant to be famihar with the douds  Clouds most

often assocated with mid-attucte cyclones are isted below and cdiscussed in the
fallowmg paragraphs

Upper Level Clouds (6-12 km): Cirrts (il Crrostratus (Cs), Cirrocumlus (Co).
Cumutonmbus (Ch)

Mid Level Clouds (2-6 km): Altostratus (As], Altocumiis (Ac)

Low Level clouds: Stiatus (St Stratocamulis (Sof Cumualus (€ )
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The highest clouds dre cirraform clouds. These clouds are made up of ice crystais and
are found at 6-12 km. This group includes cirrus clouds, which are observed from the
surface as thin hooks and strands. While cirrus clouc - are easily observed from the
surface, they are usually so thin that they are difficult to delect by satellite. In strong
thunderstorms, however. strands of thicker cirrus clouds are often visible as outflow at
the top of the thunderstorm (as ir figure 27b ). Cirrus clouds are very helpful in eter-
mining the direction of upper-level winds. The cloud strands, when visible, are criented
parallel to the upper level winds. Dense cirrus decks can be observed in visible images
as streaks or bands and can be distinguished from lower clouds by the shadow they
cast below. In the infrared image (27b), the denser cirrus are very bright because of
therr cold temperature, but can be subject to the effects of a heterogeneous field of view.

O

;
1

jet stream

stratus & other low-
level clouds

cirrostratus or altostratus i

stratocumulus

fiopre 35 Clouds Associated with Extiatropical Cyaones




figure 36a. GOES infra-ed image, November 5, 1994 ‘
image: couirtesy of M. Ramamurthy, University of linors, Urband/c ampaign
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fiqure 36h. enhanced GOES infrared image, November 5. 1994
image courtesy of M. Ramamurthy, University of lilinars, Urbana/Champaign
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The clouds typically associated with extratropical cyclones are illustrated in figure 35.
Clouds that make up the bulk of the comma cloud seen in satellite images are the cirro-
stratus clouds. As shown in figure 35, the mature comma cloud has an extensive deck
of cirrostratus clouds. The GOES IR image in figure 36a is an example of the illustration
in figure 35. The western limit of the cirrostratus deck typically marks tne position of the
surface cold front. In this case, it is found in Missouri, eastern Arkansas, and central
Louisiana. The northern limit of the cirrostratus typically marks the southern edge of the
Jetstream. This is found across Minnesota and Lake Superior. In figure 36b, the IR
Image is enhanced to show the cirrostratus cloud region in black. Note that there are
whiter regions embedded within the cirrostratus deck, particularly in central Alabama
These are very high cirrus clouds associated with cumulonimbus clouds that have
formed along the cold front.

The final form of upper level clouds are cirrocumulus. These small puffy clouds are usu-
ally too small to be resolved hy the satellite or subject to contamination effect. If the cir-
rocumulus are large and extensive enough, they are distinguished from cirrostratus by
a lumpy texture

Mid-level clouds, which are found at heights of 2-6 km, frequently resemble the upper
level clouds although they tend to be composed of liquid water droplets rather than ice.
Altostratus clouds, ike cirrostratus, are usually found in association with midlatitude
Cyclones. Often the only way to distinguish mid-level from upper level clouds is by using
software to enhance infrared images, as in figure 36b. In the visible, altostratus is quite
similar to higher ar lower stratiform clouds and may only be distinguished if shadows are
present Aitocumulus clouds also accompany midlatitude disturbances but are typically
covered. as dre altostratus. by higher clouds. The altocumulus clouds are often found in
association with altostratus decks and can be distinguished by a lumpier appearance.

The lowest level douds «lso contain cumuloform and stratiform variants. Fair weather
cumulus, the "popcorn” clouds seen on fair days, are often below the resolution of
regional satelite images. When the cumulus clouds grow into towering cumulus or
thunderstorms (cumulonimbus). their high tops and isolated rounded shape are easily
identfiable. Cumulonimbus often form along the leading edqe of the cold fronts that
are assoCited with cyclones. Stratocumulus forms by the spreading out of cumulus
clouds or trreaking up of stratus decks. Large decks of stratocumulus are often found off
the West Coast of the United States. Stratocumulus cloud lines often form off the East
Coast of the United States after the passage of a cold front. Stratus clouds are low-based
douds with uniform features and are difficult to distinguish in the visible from altostratus

Fog. the lowest of gl clouds, can often be observed from satellites. On visible mdages.
foqg i relatively featureless and difficult to distinguish from higher stratus clouds. If the
fog - located over land, either along the coast of 1IN mountain valleys, it can sometimes
be detected by the manner i which it follows ground contours. For example, the fog
bank may follow the contours of a bay or harbor, or branch into mountamn valleys The
Bromchung effect i gaod way to distinguish mountain fog from snow ¢oveer Foxg can
hedittealt 1o observe manfrared macges Hecause its temperature s often very cose to
grovind temperature U can, at imess be even warmer!




ADDITIONAL COMMON
‘ WEATHER PATTERNS

ection 5

Cyclonic weather disturbances are the most common mid-latitude weather pattern. This
type of disturbance occurs in all seasons, although they are more vigorous in the late fall
to early spring. Examples of the mid-latitude cyclone cloud shield were given ™M figures 2
(page 12). 4a (page 15), 14a (page 26). 27d [page 41), and 36a (page 52). The devel-
opment of these systems can be explained by the interaction of low-level temperature
gradients with disturbances in upper level winds and accelerations in the jet stream.
Other weather-making systems that can be observed by satellite in the mid-latitudes are
of an entirely different scale and form. These non-standard events have geographic and
weason patterns that make them useful for study during the school year.

In the fall and winter months, strong cyclonic storms develop rapidly off the East Coast
of the United States. These coastal storms, often called northeasters, are a peculiar type
of cyclonic disturbance. They occur most often in the winter months and are associat-
e with heavy snowfall events along the East Coast. These storms initially develop as &
small wave in the eastern Gulf of Mexico or along the southeastern coast of the United
States. Like other cyclonic disturbances, these coastal storms are associated with low
level temperdature gradients as well as disturbances in upper level winds and accelerd-
tons 1N the jet stream. What is peculiar about these storms is the speed with which
they develop. In figures 37-39 (pages 55 and 56). the development of a strong coastal
storm is shown over a 24 hour period. Note that the circulation around the center of
the starm is very intense. Note also the presence of a mature extratropical cyclone off
the northwest Codast of the United States
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fiqure 37 Time senies of coastal storm development.
GOESImage, March 1, 1994, 0300 CST
image courtesy of M Ramamurthy, Umiveraty of lhinors, Hrbana/Champaign




figure 38. Time series of coastal storm development.
GOES image, March 2, 1994, 1100 CST.
image courtesy of M. Ramamurthy, University of llinois, Urbana/Champengn

figure 39 Time series of coastal storm development
GOES image, March 3, 1994, 0300 CST
image: courtesy of Mo Ramamurthy, University of linors, HrbhanaZchampaoign
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Another remarkable aspect of these storms, in addition to their rapid development, is
the extent of snowfall associated with them. These heavy snowfalls are made possible
by the collision of very warm, moist, maritime air with very cold and dry air of conti-
nental origin. The coastal storms usually develop after a very intense cold front has
crossed the eastern United States leaving cold Canadian air along the eastern
seaboard. This cold dense air can be trapped, or “dammed,” between the coast and
the Appalachian Mountains to the west and remain in place for several days. The
coastal storm, which often begins as a wave along the remnants of the original cold
front, moves up the coast parallel to the offshore Guif Stream. Because the wind field
around the storm is counterclockwise {cyclonic), warm, moist Gulf Stream air is driven
into and, being less dense, over the cold air dammed along the coast. The moisture
wrung out of the ascending air passes through the colder layer below and creates the
mixture of rain, snow, sleet and freezing rain that is typical of these storms. Along the
coast, the cold air layer is thinner, If present at all, and the precipitation falls as rain.
Further inland, the cold air may be thick enough to freeze the precipitation as it hits
the ground (freezing rain) or as it falls toward the ground {sleet). As the ground rises
into the Appalachians, the precipitation will be mainly snow.

The forecasting of these coastal storms has improved over the last several years with
advances in computing power and improvements in weather forecast models. As a
rough guide. any time a strong Canadian cold front crosses the East Coast during the
winter months and becomes staticnary across the northern Gulf of Mexico, there is a
possibility for this coastal storm development.

During the spring months. the focus for severe and unusual weather shifts to the cen-
tral United States. This is the season of tornadoes in the Great Plains. Again there is a
clash of air masses. In this case, warm air from the Gulf of Mexico advances northward
where it collides with southward moving cold polar air. While the systems that produce
severe weather in this season are generally variations on the classic comma cloud
cyclonic disturbance, there are also smaller scale {(mesoscale) systems that produce
heavy rainfall and severe weather. These systems, called Mesoscale Convective
Systems (MCS), come in various shapes—from the familiar line squall to the nearly cir-
cular Mesoscale Convective Complex (MCC|. The latter system has a unigue satellite
signature and s very common over the Great Plains in the spring and early summer.
During the Flood of 1993, a considerable number of MCSs occurred in the Midwest.

Several MCCs dare shown In figures 40a and b (pdage 58). The MCC is an organized
group of thunderstorms that inttiates late in the afternoon from a localized area and
develops throughout the night before dissipating late the next morning. In figure a,
taken at 0100 CDT, rwo mesoscale systems are present over lowa and Nebraska. Note
the size of the cloud shield associated with cach system. These systems initiated late
the previous afternoon from o small group of thunderstorms. These MCCs persist
throughout the carly morning or even through the next night and {figure b) can
migrate considerable distances before dissipating

These systems often recur over several days and can account for significant local rain-
fall. Duning the flood of 1993, mesoscale systems occurred frequently during the sum-
mer months A great deal of tesearch continues reqgarding the organization and devel-

opment of these systems For example. fiqure 40c (page 59) shows another large MCC
occurnng the night after the storms i bgures 400 and b

5




figure 40a. MCC
GOES 7, IR. July 24, 1993-0100 CDT.
iImage courtesy of M. Ramamurthy, University of ilinors, Urbana/Champaign

MCC

fiigure 400 MCC

GOES 7. 1R July 24, 1993 (1700 (D] '
mage courtesy of MoRamamurthy, Universty of iinorn, Urhana/Zc hampaign
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figure 40c. MCC
GOES 7, IR. July 25, 1993-2200 CDT.
image courtesy of M. Ramamurthy, University of lllincis, Urbana/Champaign

During summer and fall months, the most arresting weather developments are tropical
hurricanes. Because hurricanes travel long distances during their lifetimes, the best
way to observe them is through a seres of GOES images. Hurricanes are observed in
the eastern Pacific in the summer months and become frequent in the Atlantic during
the late summer and early fall. The strongest Atlantic hurricanes typically develop from
waves in the easterly trade-wind-flow off the coast of Africa. Clusters of convective
clouds with cold tops can be seen in GOES IR images and can then be tracked across
the Atlantic. As the hurricane moves closer to land, polar-orbiter images can be used to
resolve the finer scale of the hurricane, including the bands of clouds that circle around
the core (eye) of the hurricane. In figure 41 (page 60), a polar orbiter image of
Hurricane Emuly 1s shown off the coast of North Carolina.

noise

Feception of satellite images 1s often offected by local sources of mterferences--
nore Common sources  of interference are household appliances, motors
mieatingg Aand cooling, vacuum cleqaners, €tc ), radio and aircraft transmissions,
avtomaobitles, aned fluorescent lights. The higher the frequency. the less susceptr
Dies the teceving equipment 1S to NoIse {geostationdary reception s less affected
than polar-orbinng satelhite reception) OnN sdatellite images, mterference typicallty
Appears as horzontal stripes: Fxamples of noise appear in figures 404 and 40b




figure 41. Hurricane Emily
HRPT image courtesy of Professor G.WK. Moore, University of Toronto
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SATELLITE IMAGES AND
‘ THE INTERNET

ection 6
Obtaining Images and Data via the Internet

Listed below are a sequence of commands that will allow you to get the most recent
copy of a document that lists weather data and sateliite images available on the
Internet. Methods and access to satellite imagery are changing rapidly so this informa-
tion may not be applicable to all users and/or may be outdated in the near future.
Before you begin, you must be able to access your account at a local university or
other site via modem and access the Internet from that account. In addition, you must
have the ability to store files temporarily on your university account. Finally, you will
need to determine your complete Internet address. With these tasks accomplished, dial
in to your account and enter these commands after the prompt:

ftp vmd.cso.uiuc.edu

The initial command “ftp” smply means “file transfer protocol.” ftp s a standard form of
communicating within Internet. The remainder of this command is smply the address
of a computer that is on the Internet

If the network isi't busy, you will be greeted with a prompt to login. The best time to
access the Internet is before 10 am or after 3 pm. For Internet transfers of the type we
will be discussing here (called “anonymous ftp”), your login is always “anonymous.”
Your password is always your full address. Your address is typically your login name fol-
lowed by the address of your home account. For example, John Doe who works at
the University of Maryland may have an address like jJdoe@atmos.umd.edu.

login: anonymous
password: your address

Once you have been logged in At vmd.cso.uiuc edu, you will need to move from your
starting point to the directory that has the weather data information. You will do this
by changing directories. Most locations on the Internet use the UNIX system. The com-
mand to change directories in UNIX s “cd’

cd wx
Then hist all the files in the "wx™ directory

Is

You ¢an use the wildcardd 7 to st only those files with certain chdracters. For example >
to see dll files with the extension doc”, entor the command below

Is *.doc

Before downloading, check the size of coch Bleswathy the commeand




Now download the file “sources.doc” which contains the most recent listing of weather
data and images available via Internet. This is done using the “get” command foliowed by
the name of the file at the internet location and the name you wish to give the filc when it
arrives at your location. The file names Below are the came though they need not be.

get sources.doc sources.doc
You will be sent a line confirming the transfer. Now leave the Internet;
bye

At this point, check your account to see if the file has arnived. To bring the file over the
phone line to your school or house, use the communication softw.dre that is recom-
metided. or often supplied for free, by the university. You now have a resource file that
will give you information on weather ddata on the Internet along with further details on
Internet usage.

There are a number of other commands that «re commaonly used on the Internet A
few critical ones are listec below

binary

Many files are stored in unusual formats These include Word Perfect files as well as files ‘
that are compressed for ease of storage ana transfer. The standard naming convention

for compressed files is the extension “.Z." In the example above, the file would be

‘sources.doc.Z.” Before these types of files can be transferred over the Internet (1.e..

before issuing the “get” command), you must notify the internet that you will be send-

iIng a non-standard file format. This is done by entering the "binary” command.

prompt
mget ci0717*.gif

You may wish to transfer more than one file at 4 time This 1s accomplished by first
teling the Internet that multiple files will be sent together (the “prompt” command)
and then using the multiple get command {'mget”) followed by the st of files [N the
example above, all infrared images from July 17th are sent Because there may be
many files with & common extension, be very careful with the "mget” command To
check how many files would be transterred, Tist the files before transfernng with the
command

Is ci0717*.gif

Finally, it you have downloaded o compressed file e anrces doc 7°) vou will need
to issue the UNIX command to uncompress the file betore bracginag it from the univer«
ty to your home computer The command tor this is “uncompress and the usage 1s
given below The uncompressedd file wali have the same name Athough without the

AT extension ‘
uncompress sources.doc.Z

ERIC
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SOURCES OF
METEOROLOGICAL IMAGES

GOES Image or Loop

A GOES image provides the context for the detailed polar-orbiter image. The wide field
of view of the GOES image provides information on the current position of active
cyclones and a rough idea of the long wave trough and ridge pattern. A loop of GOES
images shows the recent development and movement of large scale features. Wave
patterns are much easier to identify in time lapse loops than from an image or group of
images. GOES loops can be taped from television weather broadcasts and shown in
the classroom.

Source of GOES Images

Downloading GOES images from the Internet or other source, and animating the
images in the classroom may prove to be overly cumbersome. The simplest method for
displaying GOES loops is television videotapes. A compact and comprehensive weather
discussion, complete with GOES loops, s provided each morning by “AM Weather” on
PBS. Other sources are local weather broadcasts as well as “The Weather Channel.”

Upper Air Information

The identification of wave patterns as well as jet stream and jet streak position is best
done using standard meteorological upper air charts. These are available from severa
sources using the Internet. Many television broadcasts show the position of the jet
stream which, in most cases, is parallel to the upper arr flow pattern. The location of ju
streaks is not a standard broadcast item and can only be obtained via upper air charts

Upper Air Charts

Upper air charts are available on the Internet at the same lccation as satellite images.
They are usudlly identified Ly filename "uwxxyyzz.gif” [w is the level identifier, xx 1s the
month, yy Is the day of the month, and zz is the time—Greenwich Mean Time}. Upper
air chiarts are given for several levels in the atmosphere: 850 millibars {mb), 700 mil-
libars, 500 millibars, 300 millibars. A chart for conditions at 850mb at 1200 GMT, on
June 14 would have the file name 061412 .gif. All upper air charts are plotted on a
constant pressure surface. For example, the 850 mb chart 1s created from observations
made as a radiosonde reaches a pressure of 850 mb. The altitude at this point varies
from place to place. Near low pressure centers, the altitude corresponding to 850 mb
will be much lower than the altitude corresponding to 850 mb near high pressure.
Therefore, low pressure areqs are depicted on upper air charts as areas of lower heigh!
This can be a source of confusion. The jet stream s usually found around 300 mb or
200 mb. The location of short wave disturbances 1s best seen «t the 500 mb level
Temperature gradient information is best seen at 850 rnb.

Surface Information
Surface diata provides an idea of low-level temperature gradients, fronts, ana the locs

ton of low pressure centers. These are often avallable 1IN the local newspaper as well s
on the nternet and TV bioadcasts




ENVIRONMENTAL SATELLITES

his section provides background informa-
tion about environmental satellites,
covering types of satellites, hardware
specifications, and the kinds of informa-
tion they obtain. It concludes with

review or test materials.

U.S. geostationary and polar-orbiting
satellites are discussed in some detail,
supplemented with information about
other nations’ satellites. Note that the
descriptions of the satellites and sensors
are accurate at printing, but they are a
snapshot taken during a continuing
process of enhancement.

It should become obvious that there is a
continuing need for international coop-
eration in using satellites—not only to
study atmospheric conditions and pro-
vide warning of hazardous conditions,
but also to study Earth as a whole.

Remote sensing, the acquiring of data
and information about an object or
phenomena by a device that is not in
physical contact with it, plays a critical
role in the use of environmental satel-
lites. A variety of sophisticated remote-
sensing instruments onboard satellites
gather regional and global measurements
of Earth. That Information describes cur-
rent conditions, allows us to predict
severe weather, and monitor long-term
change in the system {such as climate or
ocean temperature). Such knowledge
enables effective global policy-making
and resource management.

Understanding the electromagnetic
spectrum will help with understanding

how satellite sensors and other remote-
sensing tools work.
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LooKING AT EARTH

ection 1

Humeans have engaged mrweather observation for centuries, avaare of the impedct of
inclement weather on everything front agriculture to whdalng. Galileo 1s credined with
ceveloping the first thermometer in 1592 -—over four hundred yedrs later, we're still
interested i what the wmperature <. Gods who controlled thunder, ghtming, «nd the
wind dre abundant n ancent mythology. Adages such ds red sy in the miding,
CAOTS Take Wi roct sky at rignt, sarors” delight mfluenced daity decisions
Observations of anmal bebiavion such as hoew large @ food stockpile squirtens accrued,
were constdered indicators of the harshnoess of an oncoming winter

Bon Frankim was the frsCAMenican to stgagest that weatter could be forecast, having
doduced 10m newspaper articles hiat storms generally ravel fromwest 1o cast He fLar
ther deduced that weedrbier observers cotld notify those ahiead of @ storm that itavas
Comimg Shoriy after e telegrapiy was invented in 1837, Frankling ideds were impie
Aonted Dy o wonios af observers sendimg ntormation i Morse code to-a centidl office
wwhore g nationdl weather e ga s created

A SCCMINGY separate Htrpose s enabled by e mnvention of the camera m 1439
Beginning in 1858 cameras swere flown on halloons for topodraphic mapping
Cameras mounted Cn both kites and prgeons were ldter used to obtamn photographs
froM Pigher alitudes, encempassing larger dreas. Wilbur Wrght topped that by tak g
the tirst recordoed phntographes from an airplane m 1909

Researe Iy dlumng Worldd Wo 1 motivated by both the desire for securnity and superionty
produced mirared detectors and other thermal sensors informeation could be ubtained
About a subyect s wath the cameeta, without bemng in physical contactwithat, The
LT FOMIOEC SENSIG 15 Doyt commonty dsed i comunction swath clectromeagnetic
techmiques for acguatmg mtormation

figure 427

Q
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One hundred and two years after cameras were first flown on balloons to get a better
look at Earth, the U.S. iaunched the first weather satellite, the Television and Infrared
Observation Satellite (TIROS-1). TIROS-1 made it possible for the first time to monitor
weather conditions over most of the world regularly, including the approximately 70%
of the Earth covered by water (where weather observations had been sparse or non-
existent). That first launch on April 1, 1960 was the beginning of what is now a sophis-
ticated network of international environmental satellites monitoring Earth. Regional,
national, and global observations provide information with immediate impact—such as
identifying hurricanes or winter storms—aqand providing data for climatic and global
change studies—such as changes in polar ice or mean sea level.

Satelites are now operated to fulfill a varety of objectives (e g, communications, Earth
observatior, planetary exploration) However, the focus of this publication is on envi-
ronmental {also called meteorologicedl or weather) sdtellite”. and their unique capability
to provide direct readout—that 15 they proyide data that can be obtained directly from
the satellite by a ground -taton user




REMOTE SENSING AND THE
. ELECTROMAGNETIC SPECTRUM

Sensors onboard environmental satellites rmeasure a vast array of information. In order
to understand how they work, and more generally, how/why remote sensing works, it
Is important to understand electromagnetic radiation and the electromagnetic spectrum

Flectromagnetic radiation is composed of electric and magnetic fields that are generat-
ed by the osaillation of electrons in atoms or in a conducting material

Al matter unless it has a temperature of absolute zero, emits electromagnetic radiant
enerdgy or radiation. This radiation travels in electromagnetic waves—a coupled electric
and magnetic force field—that release energy when absorbed by another object. The
WaVes propageate through space at the speed of ight. The full range of wave frequen-
cies usually divided into seven spectral regions or bands—is the electromagnetic
spectrum. Note that the spectrum has ranges rather that precise divisions. As shown in
the chagram, visible and ultraviolet are examples of electromagnetic radiation, differing
m then wavelengths (frequencres)

MOost matenals possess unique radiation properties or signatures, from which they can
Do dentfied I generdl, ther emissivity (the rate ot which they give out rdadiant energy|
15 derermined Dy charactenstics such as chemical composition, crystal structure, gramn
s120, surface toughness, etc

N free space. electic and magnetic fields are at right angles to each other and main-
tain ther relotive positions during wdve transmission. Radiation from  some sources,
stch as the Sun. doesn't heve any dearly defined polanzation {electrical or magnetic
aAlignment] - meaning the electrical field assumes different directions at random
Fiovwoever awaves ¢an be polanzed or aligned. Poldanzed papetr, sungldsses, or camerd
lens il demonstrate how effectively parallel siits filter ight. Hold the filtermg medium
honzontally up to g ight source (ight bulbh. flashiight, projector) 4and note the passdge
of hghe Tarn the medium verteally or add o second filter hetd vertically and see the
haht chsappear

T#LJ(H:‘ 43
1 km 1cm 10°cm 10'em 10" cm 10" em 10 ”cm
| 1 | | ] ] 1
| i | | | | )

o
({ } { N\ AW R [
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) Ultraviolet Gamma ray
‘ f1 Intrared
; X-ray
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The ability to selectively examine portions of the spectrum enables satellite sensors to
perform specific tasks, such as providing visual images, monitoring temperatures, and
detecting reflected or emitted radiation.,

fensors monitor or sense 1.) natural radiation coming from the Earth or 2.} reflected
radiation resulting from having sent energy to Earth that is reflected back to the setel
lite. Sensors are categorized as either active or passive instrumentation. Active instru
ments transmit their own radiation to detect an object or area for observation and
receive the reflected or transmitted radiation. Active instruments include both imaaging
and non-imaging sensors. Imaging sensors include real and synthetc aperture racdars,
non-imaging sensors include altimeters and scatter-ometers. Active aftimeters use either
radar pulses or lasers for measuring altitude. Scatterometers use radar to deterning:
wind speed and direction

Passive instruments sense only radiation emitted by the object or refiected by the
object from danother source. The two types of passive sensors dare magens dnd
sounders. Imagers measure and map sea-surface temperature, Cdoad temperattne. o
and temperature. Imager data are converted mto pictures Sounders are d special by
of radiometer instrument that quantitatively measure electro-magnetic tadiation!
which mieasure changes in atmosphenic radiation relative to height (Ground processing
of this information produces temperature mformaton), dnd changes in water Voo
content of the air at vanous levels

70



THE RAD1O FREQUENCY SPECTRUM

Radio frequency signals are electromagnetic waves that generally include frequencies
above 10 KHz. The waves are usually generated by periodic currents of electric charges
in wires, electron beams, or antenna surfaces. Radio and TV transmiissions (Collectively
referred to as radio signals) work on a line-of-sight basis. Signal transmission and recep-
tion is dependent upon an unobstructed straight line that connects transmitters and
receivers. Radio frequencies represent the different channels or stations that are broad-
cast—higher channels correspond to higher radio frequencies.

The waves most often receved from satellites are in the range of 30 MHz up to 30
GHz. Those frequencies include the electromagnetic spectrum from Very High
Frequency (VHF) to Super High Frequency (SHF)

U.S. polar-orbiting sateliites broadcast Automatic Picture Transmussion (APT) at 137
MHz, and GOES geostauonadry satellite Weather Facsimile (WEFAX) at 1691 MHz {see
pages 92, 96)

The tracking and ranging casabilites of radio systems were known as early as 1889,
when Heinrich Hertz showed that solid objects reflect radio waves. Bounang signals
off the ionosphere (upper atrnosphere) increased the signal drea, but the erratic atmos-
phere relayed signals of varying clarity. The radio signal area was also expanded by
using series of transmitting towers, 31 to 50 miles apart Oceans, deserts, and lack of
towers all imited the relay

In the early 1950s. US. army engineers unsuccessfully tned bouncing radio signals oft
the moon (resulting signals were diffused and unfocused) In 1960 NASA launched 4
satellite named Echo | to reflect radio signals. Since that first NASA launch, satellites
heave graduated from being passive reflectors to actively reldying signdls and carrying
5eNSOrs that obtain and relay addinonal information

higure 44
AM short-  FM two-way ~ Satelites &
radio wave radio radio microwave
Fe- e - -]
- _ |
VLF LF MF HF VHF UHF SHF EHF IR Visible  Ultraviolet
Light
| 100kHz 3MHz  30MHz 300 MHz 1000 MHz 30 GHz 300 GHz 10¢Hz 10'"Hz
’ 10kHz 1 MHz (1 GHz)
. hertz (Mz)
. APT 137 WEFAX The international unit of frequer « y equal to
/ f "L‘a1 39 .MHZ 1691 une cycle per second Rado frequencies are
K o, 691 MHz
. ;l”,g"", o HRPT usually expressed in
O
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TYPES OF ENVIRONMENTAL
SATELLITES AND ORBITS

Environmental satellites operate in two types or orbits, geostationary and polar-orbiting.

A geostationary (GEO = geosynchronous) orbit is one

in which the satellite is always in the same position P T~
with respect to the rotating Earth. The satellite - >
orbits at an elevation of approximately 35,790 J \
kilometers (22,240 statute miles) because that . j
produces an orbital period equal to the period ‘ /
of rotation of the Earth (actually 23 hours, 56 min- L <
utes, 04.09 seconds). By orbiting at the same rate, in

the same direction as Earth, the satellite appears stationdary
(synchronous with respect to the rotation of the Earth)

Geostationary satellites provide a “big picture” view, enabling coverage of weath-

er events, especially useful for monitoring severe locaf storms and tropical
cyclones. Examples of geostationary satellites ere the U.S. GOES, European
METEQOSAT, and the Japanese GMS

Because a geostationary orbit must be in the same plane as the Earth’s rotation,
that is the equatorial plane, 1t provides distorted images of the polar regions
with poor spatial resolution. As you continue reqding, note how the capabili-
ties of the geostationary and polar-orbiting systems provide
cormprehensive coverage of Earth ~

Polar-orbiting satellites provide « more global view of Earth. arching At

near-polar inchnation {a true polar orbit has an inchnaton of 90°)

Orbiting at an altitude of 700 to 800 km, these satellites cover best the

parts of the world most difficult to cover in situ jon site). For example,

McMurdo, Antarctica can receive T or 12 of the T4 daly NOAA polar-

orbiter passes )

The satellites operate in a sun-synchronous orbit, provicing continuous Sun-ighting of
the Earth-scan view The satellite passes the equator and each latitude at the same time
each day. meaning the satellite passes overhead at essentially the same solar time
throughout all seasons of the year This feature enables reqular data collection at con-
sistent tmes as well (s fong-term compansons The otbital plane of a sun-synchronous
orbit must also rotate approdamately one degree per day to keep pace with the Barths
surface

Examples of polar-orbiting sotelites are the U5 NOAA satelhtes [TIROS-N) and
the NASA Upper Almosphiere Poceare b Satedhite LARS!




THE U.S. OPERATIONAL METEOROLOGICAL
SATELLITES (METSAT) PROGRAM

B ection 3

Two Federal Agencies are responsible for the U. S. metecrolugical satellites {also known
as environmental cr weather satellites).

oles and Responsibilities*
National Oceanic and Atmospheric Administration (NOAA)

Establish observational reguirements

Provide funding for program implementation
Operate and maintain operational satellites
Acquire, process, and distribute data products

National Aeronautics and Space Administration (NASA)

Prepare program implementation plans

Design, engineer, and procure spacecraft and instruments
Launch the spacecraft

Conduct on-orbit check-out befoe handover to NOAA

* As defined in the 1973 Department of Commerce, NASA Basic Agreement

rganizational Assignments
NOAA

= NOAA is part of the Department of Commerce

s Within NOAA. the National Environmental Satellite, Datd, and Information Service
(NESDIS) 15 responsible for the U.S. civil operational weather satellites and uses data
from other programs such as the Defense Meteorological Satelhte Program (DMSP).

NASA

s NASA Goddard Space Fiight Center (GSFC) s responsible for program
implementation




GOES A-H GEOSTATIONARY SATELLITE

13ackground

» Alphabet label before launch (GOES-A, GOES-B)

v Numerical label after geostationary orbit achieved
(GOES-6, GOES-7)

\Weight

» Liftoff: 840 kg (1851 Ibs)

*» Onorbit: 503kg (1108 Ibs)

» End of Life (EOL), spacecraft dry weight:
400 kg (881 Ibs)

Size
* Mainbody: 1.5 m (4.8 ft) height
2.1 m (7.0 ft) diameter
*  Despun section 2.0 m (6.7 ft] height
[section that does not spin|

Orbit
* Equatoridl, Earth-synchronous orbit

Uses

*  Provides continuous day and night weather observations

Monitors weather patterns and events such as hurricanes and other severe storms

Relays environmental data from surface coliection points to a processing center

Performs facsimile transmission of processed weather data to users (WEFAX)

Provides low-cost direct readout services; the low resolution version is called

weather facsimile (WEFAX)

* Monitors the Earths magnetc field, the energetic particle flux in the vicinity of the
satellite, and x-ray emissions from the sun

Weather Facsimile (\WEFAX) Description
* Uses the GOES spacecraft to relay low-resolution sateliite imagery and meteoro-
logical charts to properly equipped ground stations In the Western Hemisphere

*  Uses a transmission frequency (1691 MHz) in common with that of the European
Space Agencys METEOSAT and Japan's GMS spdacecraft

*  Formatted in a 240 Iine/minute transmission rate. WEFAX transmissions occur 24
hours a day




NOAA GOES A-H SATELLITE
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GOES 7 SATELLITE ELEMENTS

Axial Thruster

Used for posiioning and  station acquisition maneuvers,
and maybe used for orbit control

Despun Section

Earth-oriented, helix dish antennd assemblies 1 section
that does not spin

Earth sensors

Used for attitude determination dunng the transfer ortnt
and synchronous orbit, provides pitch, yaw, and roll
information to maintain Earth-pointing

EPS dome

Covers the Energetc Particle Sensor

EPS telescope

Energetic Particle Sensor. measures low and medium-charged particles
High Energy Proton and Alpha Particle Detector (HEPAD)

Monitors protons in four energy ranges above 370 MeV (rest mass i electron-volts),
and alpha particles in hwo encrgy ranges above 640 MeV/nucleon

Magnetometer

Measures the magritude and field diection of energetic cCharged particles wathim the

Earths magnetosphere fwathin o specifiod 1ange
Radial Thrusters

Lsed for spinrate control range of 11080 rpm
S-Band Bicone Omni Antenna

Part of telemetry and commoed by tem
S-Band High Gain Antenna

Poat of tedemetey and conmangd b s tem
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Solar Panel

Primary source of spacecraft electrical power, designed so
that normal satellite day light operation, plus required
battery charging power can last for approximately seven
years

Sun Sensors

Provides information on spacecraft spin rate ond atutude
with respect to the sun ine, and pre' es reference puises for
the VAS system

Thermal Barrier

Assists 1N thermal control, which 1s dccomplished by Using passive energy
halance technmques

Ultra High Frequency (UHF) Antenna
Used to receve Earth-based data

VISSR Atmospheric Sounder (VAS)
See next PAge

VAS Sunshade

“hades the VISSR Atmospheric Sounder
X-Ray Sensor (XRS)

Uses 10on Chambor detectors to measure onosphenc cffecty associdted with solar flares
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rimary Systems

Visible-infrared Spin-Scan Radiometer (VISSR) Atmospheric Sounder (VAS)
provides visible, infrared, and sounding measurement of the Earth, including the
presence of water vapor. Primary data from this instrument are used to estimate
cloud top temperatures, sea surface temperatures, and precipitation; determine the
vertical structure of the atmosphere; study weather systems; and observe severe
weather outbreaks VISSR allows for both day and night cloud cover imagery.
Imaging in the visible portion of the spectrum has a resolution of 0.9 km, and in
the infrared (IR) portior: a resolution of 6.9 km These Images, together with images
recerved from polar-orbiting sateliites, are processed on the ground &nd then
radioedd back up to GOES for broadcast in graphic form as WEFAX. The VAS instru-
ment can produce full-Barth disk images every 30 minutes, 74 rours a day.

Space Environment Monitor (SEM)

measures the conditon of the Earths magnetic field, solar activity and radiation
dround the spacecrdft, and transmits these data to o central processing facility. SEM
Instruments medsure the ambient magnetic field vector, solar X-ray flux, and the
charged particle population. SEM sensors dare designed to provide direct measure-
ment of the effects of solar activity 1 suich a manner that deta will be avesiable in
redl ime for use in the generation of advisory or WArning messaqes, and for fore-
Caning and operational resedarcih

Data Collection System (DCS)

gathers and reldys environmental deta miade by sensors pliced on varous wbjects
{(both mobile and stationdry at various locations). Examploes of environmental déata
obtained from taese sites include preapitation, rver heignts, ocean currents and
temperatures, water pH owindt speed and direction, and berometric faressure
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GOES I-M SATELLITE ELEMENTS

Earth Sensors

Detects Earths honzon (Earth location).

Imager

Five-channel (one wvisible, four infrared) imaging radiometer
designed to sense radiant and solar reflected energy from Earth

Provides full Earth scan to mesoscale area scans Also provides star
sensing capability

Imager Cooler
Protects the imager from direct suniight and contamindnon
Louver Sun Shields

Passive louver dssembly provides cooling during the direct sunight portion of the arbit: A
sun shield 1s instalied on the Earth-end of the louver system to reduce incident radiation

Magnetometers

Three-axis magnetemeters for mediunng the geomaagnetc ficid unly one magnetome
ter Can be powered ot any ume

SAR Antenna

Seareh and Rese e Antenna detects distress signals broadadst by transmitters carniec on
genet Al aviaton dircraft and bedcons aboard some marnne vessels [Trelavs the aistress
sgnal (bot cannot pinpoint the location of the signal) to @ ground staton that dis:
PALCNEes assistance

S-Band Receive Antenna

Full Earth coverage bedamis dth, it recenes uphnk data collectio nand MWeather
Facsimile (WEFAX] transmuissions

S-Band Transmit Antenna
Ball Bty e e s e jth b fransmps At o the el neegreee e

Solar Array

oo proared g Tt comtigon sy ot Tty thee eyl et b

g it e b Thige oation] e
Solar Sail

Corve dohenedboulmonnted oo 17 meter (Se fontin by e bt
causcd by solar radhation pressure an the saba artay
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Sounder

19-channel discrete-filter radiometer that senses specific radiation for
computing atmespheric vertical temperature and moisture profiles,
surface and cloud top temperdature, and ozone distribution
Sounder Cooler

Protects the sounder from direct suniight and contamination
Telemetry and Command Antenna

(TANC Antennal Provides near ommicdiectondl coverage enables
tuncuonat intertace beraveen GOFS satelhite and groutcd com
Mmancd

Trim Tab

Provtcles fme bhalance contron for the solor racdhation pressure

UHF Antenna

Dipole antennda ek full Farth oo oo o heamaadih that recewes data and seqarch and
rescue (SAR] signaly and transnts dater collection signals

X-Ray Sensor

Xeray telescaupe that measuires soiar Xy fonoan tvo specttal channeds (short and tong
surt channelsin real tme




GOES L-»

rimary Systems

* Imager
is a frn-channel (one visibie, four infrared) iImaging radiometer
that sunses radiant energy and reflected solar energy from the
Earths surface and the atmosphere Posiion and size of an
area scan are controlled by command, so the instrument is
capable of full-Earth imagery and vdrious area scdn sizes
within the Earth scene. The Imager also provides o star
SENSING CAPAbIty. used for image navication and
FeUSTTALION pUrpOses

* Sounder
i 19-channel discrete Blter raddimeter that senses
specfic radiant energy for vertical atmosphienc tempetature and maorsture profiles,
surface and doud top temperature aridd ozone aistribution As does the Imager,
the Sounder can provide full-Earth imagery. sector mageny, or 1ocal 1egron scans

*  Communications Subsystem
includes Weather Facsimile (WEFAX) transmission and the Search and Rescue {SAR)
transponder Low-resolution WEFAX transnussion includes satetlite imagery from
GOES and pokar-orbiting satellites and meteorological charts uplinked from the
Command and Data Acquisition (ground) Station The SAR subsystem detects the
presence of distress signals broadceast by Emergency Locator Transnutters carried on
generdl aviation aircraft and by Eniergency Position Indicating Radio Beacons
Aber rd some dasses of manne vessels GOES relays the distress signals to o SAR
Satelhte-Aided Tracking ground statton within the field-ofview of the spacecraft
Help s dispatched to downed arrcraft or ship in distress

* Space Environment Monitor (SEM)
consists of o Magnetometer and Xerey sensor o high-energy proton and dlpha
detecton and an energetc particles sensor ol ased tor im-situ surveyindg of the near
Earth space environment The real-time data s provided to the Space Ernvironment
Services Center-—the Nations space Weather service --which recenes, mortors,
anchinterprets solarterrestndl date and forecasts special events sachy as sokor flares
Cgenmdagnetic storms Thatintormation s mpaortant to thie operation of mihtarny,
A b cralan racho wove and sotethite commumieation and Navigation systems, s
Lol as electne posier et otk SPdee Shattle astronaats brgh altittcde aviator,
and saentibic reaearchers

Q

ERIC

Aruitoxt provided by Eic:




GEOSTATIONARY SATELLITE
COVERAGE
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POLAR-ORBITING SATELLITES

IROS-N
Designation

« Alphabet label before launch (NOAA-, NOAA-J),
=  Numerical label after launch{NOAA-13, NOAA-14)

Weight
*  Range 2000-4000 Ibs
Size
« Manbody 42 m{(137f)length
L9 m (67 ft) dameter
o SOoir ity 24x49m(78x 161 1)
Payload Weight
« 854 1Ibs 13806 kg

Attitude Control

o Three-axis stabilized .
Uses

¢ Provide operationdl coverage of entire Earth two times per day por sato!ite
(morning And afterncon equator ¢rossings), INcluding the 70 percent ¢t the Earth
covered by water-—where weather data are sparse

e Medasure temperature and humidity In the Earths atmaospiere. sed artace toemper.:
tire cloud cover, wdterice boundaries, SNOwW Cover, Vegutaiion, 0zone concentr, s
o enerdy budaet parameters, and proton and electror: flux near thie Foarth

o Receve, process dnd retranamit dot froon puoys and rerote coatomste rations
Aetnbuted aroeind the giohe

o Provide soanch el GHAistess i s o rewcne coniers
Direct Data Readout Provided Via:
o Hhogh Resounbion Protare sransmssicn (HRET,

e Aot Dictore Toogmsgore (APT)

o Durect “onnder Broadc st §1S) ’ $-
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TIROS-N SATELLITE ELEMENTS

Advanced Very High Resolution Radiometer (AVHRR)

A radiation-detection imager used for
remotely determining ice, snow., and
cloud cover information, and day and
night sea surface temperature (nas an
accuracy of 0.5 degrees Celsius)

Array Drive Electronics
An electronics box contaiming all the cie
tronics requited for operation of the solar

array dnve

Battery Modules

Six, located around casing of second stage solid fuel meter

Beacon/Command Antenna (BDA)

Dual-use antenna for receving commands from ground stettans and transmitting

telemetry to ground stations

Earth Sensor Assembly (ESA)

A static, infrared, honzon sensor which prowvicdes spacectaft piteh and rolb dete to the
on-board attitude determination and control subsystem

Equipment Support Module

CoNtaing Computers, Tansmitters, tape recorders preprocessons, el

High Energy Proton and Alpha Particle Detector (HEPAD)

Senses Protons and alpha particles in the 379 1o 850 keV (thousand eivctron valts range
High Resolution Infrared Radiation Sounder (HIRS)

Dotects and measures energy emitted in the atmosphere to construct o ve rtical temper
Ature profile from the Farths surface toan altitucde of K0 bmdtmeasares inadent rachios

nornn T spectral ceqrons of the IR spectrom and one visible recgior Tatal agone g
WCT vapOr At three fevels in the troposphicre are meastrend

Hydrazine Tank

The spacecraft has bao tanks contoingg byeefroazine sabch e used for thirsstineg

4,!
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Inertial Measurement Unit (IMU)
Contains gyros and accelerometers to
provide information for determining
spacecraft attitude and position

Instrument Mounting Platform (IMP)

Highly stable structure used to hold some
nstruments and level with Earth to accu-
racy of 0 2 degrees

Instrument Mounting Platform Sunshade
Shading to protect instruments from the Sun
Medium Energy Proton and Electron Detector (MEPED)

Senses protons, electrons, and 1ons with energies from 30 keV {thousand electron volts)
1o several tens of MeV (million electron volts)

Microwave Sounding Unit (MSU)

A PASSIVE SCANNMING MICrowave spectrometer with four frequency channels thet med-
sures the energy from the troposphere to construct o vertical temperature profile to an
Alttude of 20 km, and measures preapitation

Nitrogen Tank

Used for thrusting and to provide uilage (fills the tank the amount that the hyzrazine
propetiant lacks beng full to ensure proper flow) pressurant for the hydrazine prope
LNt tanks The spacecraft Ras two tanks contaiming mtroqgen

Reaction System Support Structure

Necond stage motor, batteries. and fuel

Rocket Engine Assembly (REA|

e for thrasting, the spacecraft hac o hydroazine engines

S-Band Real-time Antenna

Transousann at OG5 4 Fdobats per second

S-Band Omni Antenna (SOA)|

Proa e ot rolatively o neaquieney o rosove bande for tranaontineginstereent o
spac e aft dato to grovind stations dormg boost phiase and danng on ot emergencies
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Solar Array

Siicon solar cells, produce 340 watts of
power for direct use or for storage in bat-
teries (with excess radiated 1nto space as
heat)

Solar Array Drive Motor (SAD)

The dnve motor 1s used to rotate the
SOlar array SO that the array continuously
taces the Sun

Stratospheric Sounding Unit (SSU)

A step-scanned spectrometer which measures temperature in the upper stratosphere |t
senses energy 1N the 15 nmicrometer carbon dioxide absorption portion of the infrared
spectrum, allowing for a study of the energy budget at the top of the atmosphere

Sun Sensor Detector (SSD)

A partof the Sun Sensor Assembly (SSA) which provides the Suns position \with respect
to the spacecraft. The sun sensor 1s usec to remnitialize the spacecraft yonw-attitude cal-
culation once per ordit (Yaw is the swinging on a verticdl axis to the nght or left above
Nadi, Ndadir s the pont on Earth directly beneath a satetlite

Thermal Control Pinwheel Louvers

Three on each of four sides for TIROS-N thru NOAA D Four auvers per sice for NOAAR
ANd Newer satelhtes

UHF Data Collection System Antenna (UDA|

Antenna used to recenve Earth based platform and balloon System Antenna s, aned
TOIOCONE search and rescue data

VHF Real-Time Antenna (VRA)

Tranamesaan ar 2 kdnbertz per seconed




TIROS-N
‘ POLAR-ORBITING SATELLITES

rimary Systems

s Advanced Very High Resolution Radiometer (AVHRR)
five-channel scanning radiometer sensitive In the visible, near-infrared, and infrared
parts of the spectrum. Examples of its temperature-sensing include land, sea, and
cloud-top temperature. It stores measurements on tape, and plays them back to
NOAAs command and data acquisiion stations. Provides the primary imaging sys-
tem for both the High Resolution Picture Transmission (HRPT, 1.1 km resolution)
and the Autom. tic Picture Transnussion {APT, 4 km resolutton) images
that are transmiited by the spacecraft.

* TIROS Operational Vertical Sounder (TOVS)
combines data from three complementary instrument units (HIRS, MSU. and
SSU to provide the following atmasphieric data temperdture profile of the Earths
atmosphere from the surface to 1O millibars, water content, ozone content,
carbon ¢ oxide content. and oxygen content of the Edrth’s atmosphere

*« ARGOS Data Collection and Platform Location System
French-provided system ¢allects data from sensors on fixed an moving platforms
AN TANSITILS Vanous cnvitonmentdl parameters Provides for the receipr, processing,
and storage of data temperature, pressure, altitude, etc ), and tor the lo.2tion
of the moving platforms for later transmission to o central processing fazdity

« Space Environment Monitor (SEM)
detects radiation at ver:ons energy ievels in space, measurng energetic particles
emitted by the Sun over essentially the full range of energies and magnetic field
VAAtions mn the Farths nearspace environment [t meastres the proton, dipha. and
electron flux activity necr the Earth

» Search and Rescue (SAR)
eQUIPMENT TeCeVes eme ' Jency distress agnals and transmits the siggnals to ground

receving stations i the =S and overseas: Signals are forwarded to the nearest res-
cue coordination center

« Earth Radiation Budget Experiment (ERBE])
tadiometer that meastes all faciation stoking and leavina the Earth - enabling

COentist. To measure B Loy or o of terrestaal eneragy o ace (NOAA 9 & 10
expenmenty

» Solar Backscatter Uitraviolet Experiment {SBUV)
Makes Measuremerds ofternoon welliten only) fronswhich total czone
concenttation and vertic A distibution of czone i the atmosphere
cort b aetermge b mcoe e b spectab nracdance om 160
TR IR AT R ST T

Aruitoxt provided by Eic:
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POLAR-ORBITING
SATELLITE COVERAGE

fatre #9a Single pass of « polar-ortiting satelite jon a globe. the satelite woue f orbit
AlMost over te poles)

fitre 490 Two consecutive nasses of a angle polar cebating <atellite

/L .:.

hgure 400 Five consecutive passes of aangle polar orbetineg soatellite 2o, th Abuiy o
provide olobal coverags




‘ U.S. METEOROLOGICAL SATELLITE SYSTEMS
. SATELLITE COMPARISON

Polar Orbiter ~'[55

| =

Geostationary Operational ) Television Infrared Observation Satellite,
Environmental Satellite, (GOES) {TIROS)
asic Operation Two sateliite system covers area Maintains two sdtetlites in Polar orbit at
from North to South America, from all tmes N to S (morning satellite]
Pacific to Atlantc locations Sto N (dfternoon sarellite)
Coverage Hemisphere/Quadrants 1.700 mite wide swath per pass
Major Missions I Earth Imaging & Data Collection I AVHRR  Advanced Very High
| Z Space Environment Monitoring Resolution Radiometer SAR
13 Data Collection 2 TOVS  TIRQS Operational Vertical
4 WEFAX Transmussions Sounder
3 DCS Ddta Coliechion System
Primary Systems Include 4 SFM Space Envirenment Monitor
VISSR  Visible Infrared Spin Scan 5 Searcn & Poseue
Radiometer 6 ERBE  Earth Rachiation Buddget
VAS  Atmospheric Sounder Experiment
SEM  Space Environment Monitor 7 SBUV  Solar Backscatter Uitra Violet
rbit DCS  Data Collection System Raciometer
Altitude 35790 km (22.240 miles) 833 km {5186 miles) AM orbit, southbourd
570 km {541 miles) PM orbit, northbound
Location Clarke Belt* over Equator 9. 11 NtoS. StoN,
GOES Fast, 757 West
GOES West, 1359 West Sun synechronous
Velocity 6,800 mph {24 hour period) 17.000 mph (101 minute penod)
irect Readout WEFAX APT
Data Weather Facsimile Transmission Automatic Prcture Transmission
8 krn resolution, visible 4 km resolution

4 km resolution, infrared
HRPT

High Resolution Picture Transmission
T kmoresolution

Image Timehness Near Real Tire Real Time Transmissicn
Reception antennid Lish (4 feet +) Omnucdirec ional or Guindnfilar pelx antennd
RF SI(}H:H 1HO1 + MHZ (to down converter) 15/ 138 M,
! \

) |

Processed Deita \ 240 ines/mmute G ines/second V20 e /nnnate L hnes/aec one AR
Rate

Schedule WEFAX e Dy preedic tion

i
SI(]H:H /\v(m(\lnhty CoSchedaled per e heege ; P sateliteg covces pntire boarth et
‘ Fotour times donly

*See Glossary

Chort contteay of Lobe Tilery

e
oy
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DIRECT READOUT FROM
ENVIRONMENTAL SATELLITES

ection 4

What is direct readout?
Direct reacout is the capability to acquire information directly from environmental
(also called n-eteorological or weather) satellites.

Data can be acquired from U.S. satellites developed by NASA and operated by NOAA,
as well as from other nations’ satellites.

How do | get direct readout?

By setting up a personal computer-based ground (Earth) station to receive satellite Sig-
nals. See a station configuration in the Ground Station Set-up chapter on page 119.
The electronic satellite signals received by the ground station are displayed as images
on the computer screen.

Imagery can be obtained from hoth geostationary and polar-orbiting sateliites. The
low-resolution images (obtainable with the relatively Inexpensive ground. station equip:
ment) from U.S. sateliites are:

*  Weather Facsimile or WEFAX images, transmitted by GOES satellites. WEFAX trans-
missions are not real-time: the images are first transmitted to NOAA for initial pro-
cessing and then relayed back to the satellite for transmission to ground stations.
The slight delay enables the inclusion of latitude and longitude gridding, geopolitical
boundaries, weather forecast maps, temperature summaries, cloud analyses,
polar-orbiter imagery, etc. WEFAX has a resolut'on* of 8 kilometers for visible
images and 4 kilometers for infrared iImages WEFAX images are broadcast on a
fixed schedule, 24 hours a day.

Automadtic Picture Transmission or APT is avaiiable from polar-orbiting satellites. APT
is real-time transmission, providing both visible and infrarec imagery. The image
obtained during a normal 14 minute reception period covers a swath approximately
1700 miles long. For example, a ground station in Baltimore will acquire an
Eastern U.S. image bordered by Cuba (S), Quebec (N}, Mirnesota (W), and the
Atlantic Ocean (E) from a typical satellite pass.

“Resolution indicdtes the area represented by
each picture element-pixel-in an image. The
lower the number, the higher the resolution or
detail For example, the two maps in figure 50
Iepresent Imdages on o computer screen, ed4ch
one with an equal number of pixels. However
each pixelin the map on top might represent
TOO miles, cach pixel in the world map at bot-
tom might have to represent 500 miles. So, the
lower number (the fewer meters, acres, miles,
etc) represented by o single pixel. the higher
the resolition

figure 50




} SAMPLE USES FOR DIRECT
‘ READOUT IN THE CLASSROOM

asic Skilis

1. world geography

2. universal coordinated time
3. latitude and longitude

4. map reading

5

remote sensing

monitor flooding and changes in river systems

monitor crops and vegetative coverage, £ioduction

correlate rainfall and vegetation vigor

monitor forest fires and slash burriing

monitor the impact of environmental disasters (oil spills, earthquakes, wars)

o bW~

eology

identify land formations, coast lines, and bodies of water

. determine watersheds

locate and monitor volcanic activity and its affect on the atmosphere
compare land and water temperatures

BN —

iology/Agriculture
. use images for land management, land use decision-making

eteorology
1. observe and compare Earth and satellite views of Earth and clouds
2. observe clouds
3. develop cloud cover indexes for a specific region
4. dentify fronts and characteristic associated patterns
5 develop weather forecasts
6. study upper air circulation and jet streams
7. compare seasonal changes in a specific region
8. track severe storms
9. produce monthly and annual weather comparisons
ceanography

Iuse IR imdades to study currents ond sea surface temperatures
2 monitor ice coverage and compiare sedsondl changes
3 monitor moderating effects of oceans on land and meteorological effects




DIRECT READOUT FROM NOAA
POLAR-ORBITING SATELLITES

The Advanced Very High Resolution Radiometer [AVHRR} on U.S. polar-orbiting satel-
lites provides the primary imaging system for both High Resolution Picture Transmission
(HRPT) and Automatic Picture Transmission (APT} direct readout.

The AVHRR scans with a mirror rotating at 360 rpm. With each rotation, deep space,
Earth, and a part of the instrument housing are observed. The radiant energy collected
by the mirror is passed through five separate optical sub-assemblies to five spectral win-
dows (detectors). Each of the five detectors is sensitive to radiant energy within specific
spectral regions. All five channels and telemetry clata are transmitted at high speed as
digital data for HRPT

AVHRR data signais are combined, and pre-processed to achieve both bandwidth
reduction and geometric correction before being transmitted as APT.

The analog APT system was designed to produce real time imagery on low-cost
grouni stations. The FM signal from the satellites contains a subcarrier, the video
image 1tself, as a 2400 Hz tone which 1s amplitude modulated (AM] to correspond to
the obsexved light and dark areas of an image.

The louder portion of the tone represents lighter portions of the image, low volumes
represent the darkest areds of the image, and intermediate volumes represent shades
of gray (middie tones).

infrared combination with channel 1—vegetation assessment

i 3 35510393 thermal landmark extraction. forest fire monitoring. volcanic activity,
! infrared  sea surface temperature (nighttime)

4 1031t011.3 thermal sea surface temperature. weather. soil. moisture,
infrared  volcanic eruptions

.5 11410124 thermal sea surface temperature, weather
infrared

* Any two AVHRR channels can be chosen by ground command for APT transmicsion.
 **In micrometers (LLm)

tiqure 1

f '
N HRPT / APT* |
g ;
! § spectral wave lication |
'3  range™ length ~ applicatio ‘
1 1 05810068 Vvisible cloud delineation, snow & ice monitoring, weather i
b . . !
E 2 07251010 near sea surface temperature, locate bodies of water, in }

t

!




Satellite imagery is produced by sensors that detect electromagnetic waves emitted or
reflected by a surface and measure their intensity in different parts of the spectrum.
Because all substances absorb and reflect light differently, varying light and tempera-
ture are recorded as black, white, and shades of gray in a image. APT imagery is avail-
able from the visible or infrared segments of the electromagnetic spectrum.

All visible images of Earth record sun light (solar radiation} that is reflected by Earth—
Earth does not emit visible fight of its own. APT images show these differences in
absorption and reflectivity (albedo) as different shades of gray. Subjects with highest
albedo (greatest reflectivity) appear white in visible images, clouds show up as white or
gray, outer space is black.

Infrared images are derived from two sources of infrared energy, thermal emissions
(primary source) and reflected solar radiation. Thermal infrared emissions are the
energies which are emitted from the Edrth. Reflected solar infrared radiation is the
energy which is given off by the sun and reflected from the Earth ur clouds. Both of
these types of energy are seen on an image as varying shades which correspond to
particular temperatures. The warmer the temperature, the darker the shade in the
image. The cooier the temperature, the lighter the shade. In an infrared image, the
blackness of outer space (cold) is displayed as white. Hot spots, such as urban
sprawl, appear as dark gray or black.

. reflected
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Radiation from the sun

mostly visible light -
infrared — —f—

hgure 57 albedo ratio of the outgoing solar radiation reflected by «n object to the
ine o ol rachation madent upon it




ENVIRONMENTAL SATELLITE
FREQUENCIES

GOES 1691 MHz
NOAA 11* 137.62 MHz
{afternoon)
>
3
NOAA 12 137.5 MHz
{morning)
NOAA HRPT 1698 MHz
METEOR (Russian) 137.85
137.4
137.3 MHz

U.S. polar-orbiting morning satellites generally trat:smit at 137.5 MHz, after-
noon satellites transmit at 137.62 MHz U.S. sateliites are launched with the
capability to transmit at both frequencies {2 APT and 2 HRPT frequencies
are available for ground control to chose from on each polar orbiter). Note
that the U.S. uses a two-polar-sateliite system to provide compilete Earth
coverage; existing satellites in standby mode can be activated to replace
the designated satellites if needed.

Y pending successful instrument checkout, the recently launched NOAA
14 wili replace NOAA 11 as the designated afternoon sateliite.

NOAA Weather Radio 162 550 MHz
162.525
162.500
162.475
162 450
162425
162 400

Hertz is the unit for measuring the frequency of any radiated signel
One Hertz equals one cycle per second
One Kilohertz (kHz) equals 1,000 cycles per second
One Megahertz (MH?} equals 1,000,000 cycdes per second

TS




SATELLITE-DELIVERED WEATHER

Satellite instruments collect
information and transmit the
information as radio signals.

Ground stations receive the
signals and translate and display
the data as images or text.

U.S. environmental

satellites are buift, and N

launched into space by Information is beamed to the National

NASA on unmanned Environmental Satellite Data and Information
rockets. First TIROS Service* (NESDIS) Control Center outside
launched by U.S. on Washington, DC. where the spacecraft is
April 1, 1960. commanded and data is distributed.

il

The National Weather Service* and
national news services obtain imagery
and data directly from the Control Center
in Suitland, Maryland.

National and local weather news - W
is provided by newspaper. TV, ' _J ‘

and radio.
* Both NESDIS and the National Weather Service are

branches of the National Oceanic and Atmospheric The Nan\onal Weathgr Service analyzes the
Administration (NOAA) NOAA controls and operates information and distributes it to local users.
the environmental sateliites once they are in orbit

‘ figure 63
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WEATHER FORECASTS IMPACT...

griculture

* weed and pest control - cost to re-spray due to rain wash-off, $8- $10/acre
* harvesting - freezing, rainy, and excessively hot weather can damage harvest
= drought can generate large irrigation bills, damage harvest

uilding Industry

= concrete pouring

s extenior painting

» roofing

* erecting steel structures

= material stockpiing

= excavdtion

* hurncanes and tornadoes can necessitate extensive rebuilding

arine Industry

* erection or disassembly of off-shore oil platforms requires 3-5 days of reasonably
calm waters

* fishing days regulated. Wrong choice of days reduces yield

* towing operations require 3-5 day forecast

* industry depends on 3-5 forecast for safe and efficient operations

= electric companies use forecasts to anticipate peak loads. Poor forecasts and
anticipation can result in brown-outs and total power loss at a high dollar penalty

* gas companies pay for guaranteed delivery and usage. If usage exceeds guarantee,
they pay a large penalty

s customers pay for poor peak-load predictions

ther Industries

* transportation industries (airlines, bus. raifroad trucking) affected by Hooding.
ice, blhizzards

*  professiondl sports, recreational businesses impacted by inclement weather
o forestry sorvices, logging industry impacted by drought, fire, ice




ENVIRONMENTAL SATELLITES
‘ OF OTHER NATIONS

The world's environmental satellites provide an international network of global weather
observations. Satellites of many countries provide data and services similar to those con-
tributed by the United States, such as operational weather data, cloud cover, tempera-
ture profiles, real-time storm monitoring, and severe storm warnings. Their data con-
tributes to the study of climate and the environment on both regional and global scales.

eostationary satellites include:

Geostationary Meteorological Satellite (GMS). Japan

INSAT, India
Indian national satellite, satellite data not available.

METEOrological SATellite (METEOSAT), Europe
launched by the European Space Agency (sixteen member ountries) and operated
by Eumetsat (European Organization for the Exploitation of Meteorological
Satellites), they send data on the same frequency as GOES (1691 MHz), as well as
at 1694.5 MHz

olar-orbiting satellites include:

METEOR Satellites, Russid
METEOR 2 satellites send a single picture (visible images at a rate of 120 hnes/
minute) 4s compared to the two (visible and infrared) that NOAA satellites send
The satellites dare near-polar (not sun-synchronous) at «n alttude of 900 km, with
annchnauon of 81.2 degrees.

The black and white bers that are visible along the edge of the Russian direct read

out imagery «re created by sync pulses and can be used to identify the particula

setellite providng the imagery The bars miay also contan data on nstrument che-

actenstics and qray scale cahibration Images may display clouds in great detail. hut

land and water boundaries are difficut to distinguish without extreme video pro
‘ cossing Newer, METEOR 3 senes satelites have an infrared imadging system




SATELLITE REVIEW QUESTIONS

name

1. Asateilite is a free-flying object that orbits

Z. What dare the strengths of remote sensing?

3. A geosynchronous sateliite dppears statonary relatve to

4. A polar-orbiing satedite vansverses e .. . .o andthe .

5 Match the satellites with therr names and orhits e

GOES 7

GOES 1M

TIROS-N

6 Compare the rodes and respansiiiiies of e Natonal Coeame and At sphetic
Administration (INOAAT «ith the Noational Agtonantics and Speare Administration
INASA} IN the nperatian of the Unitec States Meteorainical Satellite program

7 Briefly discuss the typecd clonoony sadead e fode g sygter s on GOES sateliites

J

\
|
!
a thekarh b theSun ¢ the other planets d any of the above

sl e Spas oo e po e
b Space Envieonment Morgtoe SSERY

o Data Congt s e
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| SATELLITE REVIEW
QUESTIONS (CONTINUED)

8. Briefly discuss the type of data provided by the following systems on polar-crbiting
satellites.

a. Advanced Very High Resolution Radiometer [AVHRR)
b TIROS operational Vertical Sounder (TOVS)
c. ARGOS Data Collection and Platform Location System

d. Space Environment Monitor{SEM)

e. Earth Radiation Budget Experiment (ERBE)

f. Solar Backscatter Ultra-Violet Radiometer (SBUVI

9. You want to predict possible precipitation for the next four days. Which type of
satellite images would be more helpful to you, GOES or POLAR? Explain your choice

10 You want to study the seasonal surface temperatures of the Atlantic coast waters to
assist commercial fisning operations Which type of polar-orbiting satellite images
(visible or infrared) would be most helpful to you? Explain why.

or Group Discussion

You and the state committee that you chair are given the responsibiiity for deternnning
which types of hazardous weather dre most likely to Affect your states parks and recre:
Atonal activities 1N addition to identifying threatening conditions. you muast prontize
the use of state money allocated for prevention and recovery: What condiions most
Jeopdrdize yout stdte and what measures will you take to minimize or recover from
wedther damage?




COMPARATIVE REVIEW
OF SATELLITES

[ Geostationary Polar-orbiter

1. Dbasic operation

2. type of data received
3. distance from the Earth
4. orbit location

5. spacecraft velocity

6. r. ception

7. RF signal

8. processed data rate

9. signal availability

10. image format

r - .
‘
-

‘ 1077




SUGGESTED ANSWERS FOR
REVIEW QUESTIONS (r 100-101)

1. d. any of the above

2. Remote sensing is the technology of acquiring data and information about an
object or phenomena by a device that is not in physical contact with it. In other
words, remote sensing refers to gathering information about the Earth and its
environment from a distance. Using remote sensing enables measurement of
inaccessible and/or accessible but too-costly-to-cover-subjects; it can provide a
unigue perspective (such as satellite images of the globe), and it can enable con-
tinuous monitoring of a subject

3 Earth '
e S
4. poles and the equator e
5 GORS7 ~ ’/ / Ly
o YT r
GOESIM -~ e ‘ I
/,../""// T . -

TIROS:N = TN

6. Roles and responsibifities of NOAA
s establish observational reguirements
* provide funding for program implementation
* operate and maintain operational satellites
‘ * acquire, process, and distribute data products
* responsible for U.S. awvil, operational weather satellites

Roles and responsibilities of NASA

* prepare hardwadre implementation plans

» design, engineer, and procure spacecraft and instruments

» provide for launch of spacecraft

» conduct on-orbit check-out before handover to NOAA

» Goddard Space Flight Center responsible for implementation

7. See page 78 for data from VISSR, SEM, and DCS.
8  See page 89 for ddta from AVHRR, TOV. ARGOS, SEM, ERBE. and SBUV.

9. GOES Because the images provide greater coverage of the Earth (hemisphere/
quadrants) and the signdls are avallable 24 hours & day. You are able to see patterns
of cloudts aver a much larger drea than that provided by a polar satellite (a 1700 mile
swath] GOES images will be more helpful in predicting fronts, cyclcne paths, etc

10 Infrared images would be more helpful because you would be able to determine
the temperature of the water’s surface withninfrared images. Knowing the water
temperature would be helpful in predicting where the fish would be concentrated
along the coant for more: efficient fishing

Group Discussion: Students should determine the vanous terrain and types of recre
ationdl activities populdar N therr state, and the types of hazardous weather common to
their state (hurncanes, tornadoes, bhzzards, flooding, drought, etc | Page 98 provides
some background informetion for (onm?c’ranon

i




10.

basic operation

type of data received

distance from the Earth

orbit location

spacecraft velocity

reception

RF signal

processed data rate

signal availability

image format

ANSWER KEY, COMPARATIVE
REVIEW OF SATELLITES

Geostationary

Two satellite system covers
area from North to South
America, from Pacific to
Atlantic locations

visual and infrened

35,790km (22240 miles)

Clarke Beit over Equatan
GOES East, 75 West
GOES West, 135 Wt

6800 MPH {24 hour periond!
Dish (4 meter +)
1691 + MM/

{to down converter |

240 hnes/minute -
4 Iines/seconcdd

24 hours

24 hour peniod
Henmtsphere/Quadrants

Polar-orbiter

Two sateliites in Polar orbit
At dll tmes
N to S (morning satellite)
“o N (afternoon satellite)

Day visudl and infrared
Night: infrared

833 km iH18 miles) AM
orbit. southbound
870 km (541 miles) PM
orbit, northbound

N>S, S>N,
Sun-synchronous

17,000 mph
(FOT munute penod)

Qi directional or
quiadirifilar helix antenna

137138 MKz

1 20 hines/minute
2 lines/second

1O to 102 munutes
hetween accessibility,
hwo satelites eqach
view entire Earth at
least twice daily

2700 Mile Swetth




ORBITS

orbit is the path In space along which
an object moves around a primary
body. In the case of environmental
satellites, the satellite moves

around the primary body Earth.

n

Bodies in space or low-Earth orbit
are governed by laws of gravity
and motion, just as life on Earth is.
These laws make it possible to
determine how, where, and why
satellites will be. Orbital mechanics
utilizes a standard set of reference
points and terms that make it pos-
sible to pinpoint a body In space
and describe its unique location
and motion.

The abllity to understand and pre-
dict the location of satellites is
essential for obtaining direct read-
out from polar-orbiting environ-
mental satellites. Geostationary
orbits must also be located.
However, because they remain in
the same position relative to Earth,
orbital information doesn't need to
be regularly updated.

This section describes the basics of
orbital mechanics, the Keplerian ele-
ments, procedures for tracking satel-
lites, and resources for orbital data.

BEST COPY AVAILABLE
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SIR ISsAAC NEWTON

ection 1

Sir Isaac Newton was born on Christmas day, 1642—the same year that Galileo Galilei
died. His life-long intolerance of contradiction and controversy is attributed to an early,
lengthy separation from his mother who was widowed shortly before Isaacs birth. She
left Isaac in the care of his grandmother to remarry, live in the next town, ar.d start a
new family consisting of another son and two daughters.

As a teenager, lsaacs preoccupation with reading, experimentation, and observation
was an irritant to his affluent, now twice-widowed mother who expected Isaac to
become a gentlemen farmer. Apparently she was reluctant to have Isaac attend universi-
ty, perhaps concerned about both the farm he had inherited and the cost of additional
education. He entered Cambridge as a sizar (a student who waited on other students to
pay his way), a step down from his social class and his mothers financial standing.

Newtons university studies were interrupted in 1665 and 1666 by the closure of Cambridge
University because of bubonic plague. During this penod. he left London and studied &t
home, doing extensive work in optics, laying the foundation for calculus—and perhaps his
law of gravity. Experts dizagree about the timing, some claiming another | 3 years passed
before Newtons ideas or gravity crystallized. In either case, Newtons achievements at this
early age were substanticl, although his undergraduate cdreer was undistinguished.

Newton conducted research in theology and history with the same passion that he
. pursued science and alcnemy throughout his ife Some consider him the culminating
figure of the 17th century scientific revolution.
Newtons intense dedication to his intellectual pursuits took a toll on his physical and
mental health, apparently causing at least two breakdowns during his life. He died in
1727 and is buried in the nave of Westminster Abbey.

ewtons Law of Universal Gravitation

The force of gravitational attraction between two pont masses (m and m2) is propor-
tional to the product of the masses divided by the square of the distance between them.
In this equation, G is 4 constant of proportionadity called the gravitationdl constant.

Gmyim;y

r2

The closer two bodies are to cach other, the greater their mutudl attraction: As a result,
to stay 1N orbit, o satellite needs more speed in lower orbit thanin a gher orbit

All Orhits - Earth arounct the Sun, seitelitos arovnd Farth, ote L folliow the same kiws of
gravity and motion




ewtons Laws of Motion

. An object continues In a state of rest or uniform motion unless acted on by
an external force,

tigure 544

2. The resultant furce acting on an object 15 proportiondl to the ra.o of change of
momentum of the objedt, the change of momentum being i the same direction

Js the force
/j i
@ \

The time rate of change of momentum |

(mass x velocity) @'5%)\
change
in force

18 proportional to the impressed force. In the

usual case where the mass does not change.

this law can be expressed in the familiar form: @ - )
H E ) )

force = mass x acceleration or

F = ma.

i

higure 54b

3o Toevery force o action there e an equal and opposite reaction

/
NV

—

frejuare e
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JOHANNES KEPLER

ection 2

Johannes Kepler—German astronomer [1571-1630] derived three laws that describe
the motions of the planets around our Sun, the moon around the Earth, or any space-
craft launched into orbit.

Early frail heaith seemed to destine Kepler for the life of a scholar. He was born into a
dysfunctional, chaotic family and spent his lonely childhood with a variety of iinesses.
He had myopia and multiple vision—unfortunate afflictions for the eyes of an
astronomer.

Kepler intended to dedicate himself to the service of the Protestant church, but his

iIndependence, lack of orthodoxy, and disagreeableness led his university teachers to .
recommend him as a mathematics professor to a school some distance away. During

this period, astronomy became an important focus.

Early writings of Keplers attracted the attention of Tycho Brahe, the Danish astronomer.
Kepler joined Brahes staff in 1601. When Brahe died the following year. Kepler inherit-
ed Brahes meticulous astronomical observations—considered critical to Kepler develop-
ing his first two laws of motion. Within days of Brahe’s death. Kepler was appointed
Brahe’s successor as imperial mathematician of the Holy Rom.ain Empire, a position
Kepler held until his death.

Kepler was a transitional figure between ancient and modern science. Astrology often
played an important, and sometimes dominant role in his life

Keplers laws stirred Iittle interest for decades, only Newton seemed to realize their
value. Keplers laws describe how planets move. Newton’ law of motion describes why
the planets move according to Kepler’s laws. Kepler himself never numbered these laws
or specially astinguished them from his other discoveries. Keplers laws apply not only
to gravitational forces, but also to all other inverse-square law forces.

In the last decade of his life, Kepler wandered in search of @ haven or a patron. In the
fall of 1630, Kepler rode across half of Germany to collect pay and arrears due him.
The exertion of the trip was responsible for Keplers iliness and death ir. Regensbura on
November 15, 1630 He was buried outside the town wadlls. Subsequent conquest of
the city decimated the cemetery and left the site of Keplers grave unknown

109




epler laws of motion

1 A planet moves about the Sun in an eiliptic orbit, with one focus of the ellipse
located at the Sun.

An élliptical orbit is shown, the semi-major axis (a] determines its size and the
eccentricity (e} its shape. Neither Kepler nor anyone else yet understood that a
mass will continue to move in a straight line through space, so no force is needed
to drive a body around its orbit— only a sun-centered force to hold it in orbit
(Newton) or a Sun-centered spacetime ¢ irvature (Einstein) (figure 554/,

2. Astraight line from the Sun to the planet sweeps out equal areas in egual times.
(tigure 55b)

The constant rate of sweeping out may be different for each orbit.

3 The urne required for a planet to make one orbital arcuit, when squared, 1s pro-
portonal to the cube of the major axis of the orbit (figure 55¢).

1 axe a
: L(/ N >, semi-major axis
| ") XIS,
Sun Focus
| semi-minor
} axis
| a.
?
i
I
!
I
i
|
! |
9 ‘
|
@ |
2a ‘
major axis
— ——

‘ (
figure 5% 1 o j
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IKEPLERIAN ELEMENTS

eplerian elements
Also known as satellite orbital elements, Keplerian elements are the set of six indepen-
dent constants which define an orbit—named for Johannes Kepler. The constants
define the shape of an ellipse or hyperbola, orient it around its central body (in the
.case of environmental satellites the central body is Earth), and define the position of a
satellite on the orbit. The classical orbital elements are:
Keplerian elements
a: semi-major axis, gives the size of the orbit,

e: eccentricty, gives the shape of the orbit,

i inclination angle, gives the angle of the orbit plane to the centrdi
bodys equator,

Q: right ascension of the ascending node, which gives the rotation of the
orbit plane from reference axis,

w: argument of perigee 1s the angle from the ascending nodes to pengee
point, measured along the orbit in the direction of the satellite’s motion,

8: true anomaly gives the location of the satellite on the orbit

perigee
apogee point on orbit where
point on orbit path geocenter satellite is closest to

where satellite is
farthest from the
central body

the central body

line of apsides
straight line drawn
from perigee to
apogee

a(l-e)

2a*

ﬁi
L

*2a is the major axis

!

|

{ semi-major axis is 1/2 the longest diameter of an orbital
} ellipse, thatis 1/2 the distance between apogee and perigee

haure H6




ORBITAL DATA

ection 3

Keplerian elements mdke it possible to describe a satellites orbit and locate a satellite on
its orbit at a particular time. In addition to furnishing a universal language for chroni-
cling and pinpointing sateliites, these elements provide the information necessary to
predict the passage of specific satellites. That ability is essential to users of direct read-
out from polar-orbiting sateliites.

NOAA and METEOR-series polar-orbiting environmental satellites continuously transmit
low-resolution imagery of Earth as an AM signal corresponding to the reflected radia-
tion of Earth as observed by sensors. This results in a strip of image as long as the trans-
mission is received and as wide as the scanning instrument is designed to cover (typi-
cally 1700 miles in width). A normal reception period is approximately 14 minutes.
However, not every one of a polar-orbiting sateliites 14 daily passes will be within
reception range of a particular ground station, nor will every receivable pass be in opt-
mal reception range. Limited reception occurs because, in order to provide global cov-
erage, satellites in polar-orbits provide imagery in slightly-overlapping swaths (see satel-
lite chapter for polar orbiter coverage). Ascending satellites move westward with each
orbit, descending satellites move eastward with each orbit.

Ephemers data [a collection of data showing the daily positions of satellites) is provid-
ed by NASA, NOAA and electronic bulletin boards (pages 114-115). The data can be
inserted into satellite tracking programs or used to manually calculate satellite positions.
The next page describes the composition of the NASA two-line orbital elements.

figure 57.
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escription of NASA Orbital Data

Ephemernis datd is g tabulation of 1 seties of pomts which define the posiion and
motion of 4 satellite. This data, required by most trac king programs, is contained in the
NASA two Iine orbital clements. These elements dre peart of the NASA precicuon bulletin,
which is published by NASA Goddard Spaice Fiight Center and contamns the latest ortital

nformation for o particular satelite: The report provides Informatian in three SRIES
I two ine orbital elements

/- longiude of the South to NGrth eqguatonl CTOSSITIGS
3 longitude and heights of the satelhite crassinags for other lantudes

The tavo ine orbital elements look ke thirs when you et then trom NASA (it set s o
desanpuon of NOAA 10}

Hgune H8  chart cotrtesy of Chues Do,

1 16969V 8673 A 9388.92567841 .00000208 00000-0 10549-3 0 1742
2 16969 98.5215 106.2752 0012888 182. 9443 177.1660 14.24785215339343

Explanation of 2-line ephemeris data

first ime derivative

. Internationat designator 0'1 thimean ! second time
last 2 digits of . piece of epoch m(zj":r”a :sleer)loc derwvative of the ephemerns element
launch year  launch* year -ay 8 mean motion type number

) e — o

r o [ R [ |
1. 16969U 8673 A9388.92567841 00000208 00000-0 10549-3 0 1742
(:eltdlég satellite | . . -

number epoch (Julian day describes type of
tignore letter) & fract:n of day) orbital mode! used
international
line number of  designator, launch
e'ement data # of the year
catalog eccentricty with revolution
(satelite) inchnation decimal point mean anomaly number
number n degrees assumed** In degris at epoch

2 16969 985215 106.2752 0012888 182. 9443 177.1660 14.24785215339343

right ascension argumern mean motion check sum
ine ar of of the of perigee revolutions per day tvenfication
elen ot data ascending nare N deqrees,

process for

in degrees accuracy of set)

Sooeenge Spa e et ane O muItple poyy e b 4 Al et e e b bl ey e o g, b

S bal e conttaemt which ingdicatos, theo IR et b a0 e gty

Wnnsphere ws opposed to mohon and Drojectdes i sy e

NGttt aa dee gt point g peeted forescont oy T b g ponnt preceddes, (b

oty A he enterad e IRAR

tambiet bt oxpeate the pgeber Shoet e b e oy

Q
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n btaining NASA Orbital Data From NASA uﬁﬂ_h
® o

NASA uses two methods to provide orbital data, mail and electronic
distribution. Anyone interested in obtaining data through either :
method should contact the Goddard Space Flignt Center at the address below. \
Requests for the more costly and less-timely mailed data sets should be restricted

to users who are not equipped to obtain the information electronically.

A modem (14400/9600/2400/1200 baud) and computer software are required to
electronically download the data sets.

Write and request electronic access and a password—or request mailed information—
from the Orbital Information Group’s (OIG) RAID* Bulletin Board System (RBBS) at:

NASA Goddard Space Flight Center
Project Operations Branch/513
Attn: Orbital Information Group
Greenbelt, Maryland 20771

You cannot log on without having received approval and a password from OIG.

The RBBS provides access to the latest element sets twenty-four hours a day, from any-

where in the world. Two-line Orbital Elements (TLE') are updated on the following
schedule:

Monday TLES revised between 1200 GMT Friday and 1200 GMT Morday
Wednesday TLE revised between 1200 GMT Monday and 1200 GMT Wednesday
Friday TLE revised between 1200 GMT Wednesday and 1200 GMT Friday.

When a holiday falls on a scheduled update day, updating will be done on the next
working day.

Data obtained from the RBBS is in a slightly different f srmat from that required by track-
ing programs such as BIRD DOG, INSTANTRACK, STSORBIT, AND TRAKSAT. The data
received from RBBS can't be used directly in these tracking programs without first filter-
ing it with a computer program. The DRIG and Bordertech BBSS have posted programs
to simplify conversion to the standard format. RBBS data may be manually entered into
the INSTANTRACK program.

* Orbital Information Groups Report and Information Dissemination (RAID) section




ther Sources for Satellite Data

Keplerian elements can be obtained from the following electronic bulletin boards, with
a modem, at no charge other than any long-distance telephone fees.

Celestial RCP/M

(205) 409-4280
Montgomery, Alabama
SYSOP: Dr. T.S. Kelso
24 hours
9600/2400/1200 baud
8 bit NO parity 1 stop
xmodem protocol only

BorderTech Bulletin Board
{410} 239-4247

Hampstead, Maryland
SYSOP: Charles A. Davis, Sr
24 hours

14.400/9600/2400 baud

8 bit NO panty | stop

Datalink Remote Bulietin
Board System

{214) 394 - 7438
Carroliton, Texas

SYSOP: Dr. Jeff Wallach

24 hours
14.400/9600/2400 baud

8 bit NO parity 1 stop

Instructions for transferring the data directly from the source to your computer These
Instructions apply only to the DRIG and BorderTech BBSS.

Dial the BBS and login.

After login, type "D for download,

type "“BULLET90" as the file to download, open a ZMODEM file transfer mode with
your telecommunications software. (The file 1s alw.1ys named BULLET90.)

After download, log out of the BBS




SATELLITE TRACKING PROGRAMS

ection 4

The tracking of polar-orbiting satellites by direct readout users is now commonly
accomplished by computer—although it is possible to calculate the satellites location
rather than having the computer do the work.

One freque: tly used tracking program, entitled Bird Dog. is « /allable on NASA
Spcelink (see the Resources section for more information about NASA Spacelink], and
the DRIG and Bordertech bulletin board systems. This software enables the tracking of
' environmental sateliites, but it does require that current orbital data be inserted and
that the orbital data be revised every two or three weeks. {Using old data makes 1t
impossibie for any software to accurately identify the current position of a satellite )

Instructions for using Bird Dog and updating the ephemeral data accompany the
tracking program :




GROUND STATION SET-UP

nvironmental satellites, equipped with a variety of
sensors, monitor Earth and transmit the informa-
tion back to Earth electronically. These signals are
received by a ground station, also known as an
Earth station. The signals are displayed as images
on a computer monitor that is a component of a
ground station, see the dlagram on page 119.

The NASA publication entitled Direct Readout
From Environmental Satellites, A Guide to
Equipment and Vendors (EP-301) describes
ground station components and sources of the
equipment. See the introduction to this Training
Manual for more information about the Guide.

This section describes the procedure for placement
and installation of a ground station to ensure
optimal signal reception and system operation.
The procedure outlined below Is described in
detail on the following pages.

Identify appropriate locations for the
computer and antenna(s)*.

* Drill holes in the exterior wall for coaxial
cable.

» Set-up the antenna(s) by attaching it to
either the bulilding or to a plywood base.

* (Geostationary system only) Attach feedhorn
and down-converter to the parabolic dish.

= Connect the receiver and antenna with coaxial

cable.

Consult appropriate personnel to ensure compli-
ance with local building and electrical codes.

Local amateur radio clubs may be able to assist
with installation. To locate the club nearest you,
contact:

American Radio Relay League

225 Main Street

Newington, Connecticut 18601

* A system which receives bc*» oolar orbiter
and geostationary images uses an antenna and
a feedhorn, downconverver, and parabolic dish.
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GROUND STATION
CONFIGURATION

ection 1
Direct readout ground station components

polar-orbiting system  requires a personal computer and a receiver connected to
an antenna by coaxial cable

geostationary system  requires a personal computer, a receiver, feedhorn, down-
converter and a parabolic dish connected by coaxial cable

duat system may require all of the above, although the basic set-up varies
among manufacturers

(the quadrifilar helix antenna
feedhorn shown is an example of an
omnidirectional antenna )

1691 MHz to 137-138 MHz antenna
downconverter

/ coaxial cable

such as Belden 9913 or 9311

R

exterior components

level
. adjust A-B
audio box Switch Box
cable ¢ for dual system only
receiver
137 138 MHz

figure 59




ETTING-UP o

ection 2
Placing the System

The computer equipment and antenna(s) should be placed as close to each other as
possible to minimize radio signal loss and interference. The computer and receiver
should be adjacent and easily accessible to an exterior wall and electrical outlet.
Locate the equipment so that is protected from water, sinks, and gas jets. The equip-
ment should be accessible to users but placed so that electrical aind cable connec-
tions won't be disturbed.

The antenna(s) will be located on the roof, away from power lines, electric motors,
and exhaust vents. The antennas should be grounded to a cold water pipe in order to
drain atmospheric static charges and to protect the computer and receiving equiment.

Polar-orbiter System Antenna

Antennas for polar-orbiter systems should be located at the highest point on the

building, away from surrounding objects such as air conditioning units. The antenna

can be attached directly to the building or mounted on a weighted plywood base.

Either technique requires a standard exterior TV antenna mast and associated x
mounting hardware. To mount the antenna, use & TV mast support tripod and bolt

the tripod to a 4’ x 4" x 3/4" sheet of exterior-grade plywood. Place at |east three

50-pound bags of cement or gravel on the plywood sheet for stability. If using bags

of cement, poke several small holes into the top of the bag to allow rain to wet the

concrete and provide additional stabilization.

Geostationary System Antenna

Antennas for geostationary systems require an unobstructed, direct line-of-sight path
to the satellite. A geostationary ground station typically uses a six foot parabolic
reflector known as a satellite dish. (A TV satellite dish may be used but requires
sophisticated modification.) The satellite dish should be located on a flat roof.
Installation will be dictated by the desired mounting, but the mounting platform or
structure for the dish must be secured to prevent the dish from moving in the wind.
It should be weighted, as ahove.

A Yagi antenna may be used to receive geostationary images and should be instalied
dccording to the manufacturers instructions.

Feedhorn

A feedhorn is a metallic cylinder which collects the radio signal reflected from the
satellite dish. The feedhorn, available as either an open or closed cylinder, contains a
probe which is the antenna. The closed feedhorn prevents birds from nesting and
protects the antennd ~om snow and rain. The fredhorn is mounted on a strut(s)
that positions it at a specified distance from the parabolic reflector.
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Aim the feedhorn to face the parabolic reflector. With an open feedhorn, turn the:
open end (the other end is closed) toward the satellite dish. With a closed feec-
horn, turn the plastic-covered end (the other end is metal) toward the dish.

Note *hat the antenna inside the feedhorn must be mounted in a vertical position
for GCES (U.S.] satellite re _eption and in a horizontal position for METEOSAT
(Europe an} sateliite reception. Enclosed feedhorns are marked horizontal and verti-
cal. The placement of the antenna must be correct to receive the desired signal.

Horizontal

Vartical

’ figure 60

Downconverter

A downconverter 1s required to convert geostationary satellite signals to a form that
can be used by the computer. Power Is supplied to the downconverter by either a sep-
arate 12-volt source applied directly to the unit or by the receiver. The downconverter
15 housed 1N a weather-proof case with predrilled mounting holes and connected to
the feedhorn with coaxial cable. Typically, the signal strength from a downconverter is
high enough to permit the use of a smaller diimeter cable between the downconvert-
er and receiver Cable runs of fess than 200 feet may use o cable such as Belden 9311
Longer runs should use Belden 9913

Antenna feedline

The antenna feedlime 1s perbaps the most important component 1N a ground station.
A good feedhne will provide maximum signal while reducing stray radio frequency
(RF) or man-made noise (interference) Coaxial cable s feedline whose center con-
ductor has been encased m dielectne matenal with an outer braided shield. The
shielding greatly reduces the introduction of RE or manmade noise into the receiv-
g system Avord mexpensive cable that swidl not provide adequate shield or lasting
construction

ERIC
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Cable such as Belden 9913 and 9311 have a special foil wrap around the dielectric
in addition to the copper braid. 9311 cable i1s approximately 1/4 inch in diameter
and a good choice for cable runs of less than one hundred feet. 9913 is about 1/2
inch in diameter and will necessitate additional coaxial cable adapters If the antenna
or receiver require a BNC-type connection. Support for the cable must

be provided at BNC connection to avoid damage to its
mated connector on the receiver or antenna.

outer

dielectric spacing

shield
inner conductor
figure 61
Never:
RUnN the dantenna feedline next to power ines or electrnc cables
Bend the coaxial cable sharply /
Run the cable through a window and shut the window on the cable

Use twist-on cable connectors

Pull or twist connectors installed on the cabie

Allow cable to be walked on or crushed

Leave the antenna feedline connected to your receiver dunng electrical storms

Always:
Solder the shield of rhe coaxial cable to the connector

{not applicable for crimp connectors)
Ground the antenna to a cold water pipe or grounding rod, or both
Secure the antenna feedline so that the wind cannot sway it
Seal the antenna connection with electrical tape or non-conductive sedlint
Purchase the best cable availlable
Replace worn or broken cables and ground connections immedidately
Inspect the system at feast once a year to reduce trouble-shooting time

System Safety

Once the system s set-up, always disconnect the dantenna at the condusion of use
and dunng storms to prevent dameade to the system

ERIC 122
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RESOURCES

riety of resources are available to
teachers, many of those listed have
education materials available without
charge. Please note the importance of
making requests on school letterhead.

Many excellent publications about, or
organizations focusing on Earth system
science, weather, remote-sensing tech-
nology, and space exist. Those appear-
ing in the resource section were listed
because of their relevancy to the use of
environmental satellite imagery and
their accessibility nation-wide.

Many additional resources are likely to
be located in your area.

s Contact your local Red Cross or
office of emergency preparedness
for information about severe or
hazardous weather;
contact local science centers or
museums for information related to
global change, the atmosphere,
satellites, etc.;
utilize your schools, school sys-
tems, or county’s experts to assist
you with technology;
contact ncarby colleges and
universities for assistance/collabo-
ration on atmospheric studies,
Earth observation, etc.;
contact your local newspapers and
television stations for information
about how weather forecasts are
prepared. All of these suggested
sources are also potential providers
of guest speakers.




RESOURCES

Section 1 Bulletin Boards . . ... . .. 125
Section 2 Federal Agencies and Programs . ... ... . ... ... ... .. ... 126
Section 3 NASA Educational Resources . .. .. .. 128
NASA Spacelink
NASA Education Satellite Videoconference Series
NASA Television
NASA Teacher Resource Center Network
Regional Teacher Resource Center
NASA Core
General information for Teachers and Students
Section 4 " National Oceanic and Atmospheric Admirstration . ... .. 132
Section 5 Organizations e o o134
Section 6 Vendors . . 136
Section 7 Weather Service Forecast Office Locations .. ... . ... .. .. Co 137
Weather Service River Forecast Centers
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ASKERIC
Internet Society

Anonymous File Transfer Protocol
Gopher

World Wide Web Servers

Books, Articles, and Other Resources
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BULLETIN BOARDS

ection 1
Keplerian Elements

Keplerian Elements, or satellite orbital elements, are the group of numbers required
to define a satellite orbit. The elements are a critical components of satellite tracking
and essential to APT system-users for identifying optimal signal reception. Keplerian
elements can be obtained by modem, at no charge other than the long distance
phone fees, from the following electronic bulletin boards.

NASA Spacelink

205-895-0028

Huntsville, Alabama

24 hours

2400/1200/300 baud

8 bit NO parity 1 stop

or through Internet:

World Wide Web — http.//spacelink.msfc.nasa.gov
Gopher — gopher://spacelink.msfc.nasa.gov
Anonymous FTP — ftp.//spacelink.msfc nasa.gov
Telnet — telnet://spacelink.msfc.nasa.gov

Two-line Keplerian elements are contained n the following directory of NASA Spacelink:
instructional materials/software/tracking elements

Celestial RCP/M

(205) 4094280
Montgomery, Alabamia
SYSOP: Dr. TS Kelso
24 hours
9600/2400/1200 baud
8 bit NO parity 1 stop

BorderTech Bulletin Board

410-239-4247
Hamipstead, Maryland
SYSOP: Mr. Charlie Davis For BorderTech Bulietin Board and
24 hours Datalink RBB System
14400/9600/2400/ 300 baud
8 hit NO parity 1 stop [ial the BBS and login

Type "D for download,
Datalink Remote Bulietin Type "BULLET0" as the file to downioad,
Board System Open a ZMODEM file transfer mode with
[Dellas Remote Imaging Group) your telecommunications software
214-394-7438 {The file name 15 always called BULLETY0 |
Carroliton, Texas This will transfer the NASA 2-ine elements
SYSOP. Dr. Jeff Wellach to a file on the users computer
24 hours L og out of the BBS

96007240071 200 baud
8 bit NO panty 1 stop




FEDERAL AGENCIES AND PROGRAMS

ection 2
The GLOBE Program

Thomas N. Pyke, Jr., Director
744 Jackson Place
Washington, DC 20503
{202) 395-7600

FAX {202} 395-7611

Global Learning and Observations to Benefit the Environment (GLOBE) is an internation-
al science and education program, which is establisning a network of K-12 students
throughout the world making and sharing environmental observations.

National Air and Space Museum
Education Resource Center (ERC)
MRC 305, NASM

Washington, DC 20560

{202) 786-2109

For teachers of grades K-12, ERC offers educational materials about aviation, space
exploration, and the Museums collections, including curriculum packets, videotapes,
slides, filmstrips, and computer software. Free newsletter published three times annuaily.

National Center for Atmospheric Research (NCAR)
PO Box 3000

Boulder, Colorado 80307-3000

{303) 497-1000

Educational materials, request ordering informeation

U.S. Department of Agricuiture
Soil Conservation Service

Public Information

PO Box 2890, Room 6110
Washington, DC 20013

Conservation education activities and technical information on soil, weter and
other resources.

U.S. Department of Energy

National Energy Information Center EI-231
Room 1F-048, Forrestal Building

1000 Independence Avenue, SW
Weashington, DC 20585

(202) 586-8800

Energy-related educatonal matenals for pomary aned secondary students and
educators, free or low cost




U.S. Environmental Protection Agency
Public Information Center

401 M Street, SW

Washington, DC 20460

(202) 260-7751

Request list of publications, many of them free, and a sample copy of EPA Journal, &
forum for the exchange of ideas in elementary-level environmentai education.

U.S. Geological Survey
Geological Inquiries Group
907 Naticnal Center
Reston, VA 22092
{703) 648-4383

Teacher’s packet of geologic materials and geologic teaching aids, information for
ordering maps. Requests must be on school stationary and specify grade.

Hydrologic Information Unit
Water Resources Division
419 National Center
Reston, VA 22092

Free Water Resources Div. Info Guide, water fact sheets (Acd Rain. Regiondl
Aquifer Systems of the U.S., Largest Rivers in the U.S., Hydrologic Hazards in Karst
Terrain); leaflets (Groundwater: The Hydrologic Cycle).

U.S. Government Printing Office
Superintendent of Documents
Washington, DC 20402

(202) 783-3238

Request free Subject Bibliography Index that gives descriptions, prices, and ordering
instructions.

University Corporation for Atmospheric Research (UCAR)
Office for Interdisciplinary Earth Studies

PO Box 3000

Boulder, Colorado 80307-3000

(303) 497-2692

FAX (303) 497-2699

Internet: oes@nNcar ucar e

Educational materials, including a series of three cimate publications under the sencs
Reports to the Nation O Qur Changing Planet:

The Climate System (Winter 1991);

Qur Ozone Shield (Fall 1992) , and

El N3O and Chimate Prechic ion (Sprineg 1994)

'
S. !
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NASA EDUCATIONAL
IRESOURCES

ection 3

NASA Spacelink: An Electronic Information System

NASA Spacelink is an electronic information system designed to provide current educa-
tional information to teachers, faculty, and students. Spacelink offers a wide range of
materials (computer text files, software, and graphics) related to the space program.
Documents on the system include: science, mathematics, engineering, and technology
education lesson plans, historical information related to the space program; current sta-
tus reports on NASA projects; news releases; information on NASA edcuational pro-
grams,; NASA educational publications; and other materials such as computer software
and images, chosen for their educational value and relevance to space education The
system may be accessed by computer through direct-dial modem; or the Internet

Spacelinks modem line is {205) 895-0028.

Data format 8-N-1, VT-100 terminal emulation required
The Internet TCP,IP address is 192.149.89.61
Spacelink fully supports the following Internet services

World Wide Web' nttp://spacelink. msfc. nasa.gov

Gopher: spacelink.msfc.nasa.gov
Anonymous FTP.  spacelink.msfc.nasa.gov
Telnet: spacefink.msfc.nasa.gov

(VT-100 terminal emulation required)

For more information contact
Spacelink Administrator

Education Programs Office

Mail Code CL O

NASA Marshal! Space Flignt Center
Huntsville, AL 35812-0001

Phone: {205} 554-6360

NASA Education Satellite Videoconference Series

The Education Satellite Videoconference Series for Teachers is offered as an inservice
education program for educators through the school year. The content of each pro-
gram varies, but includes aeronautics or space science topics of interest to elementary
and secondary teachers. NASA program managers, scientists, astronat:’ .. and educa-
tion specialists are featured presenters. The videoconference series is fic e to registered
educational institutions  To participate, the institution must have a C-band satellite
receiving systern, teacher release ime, and an optional long distance telephone line fo:
Interaction. Arrangements may also be niade to receve the satellite signal through the
local cable television system The programs may be videotaped and copied for later
use. For more information. contact

Videoconference Producer

NASA Teaching From Space Program

308 A CITD

Oklahoma State University

Stillwater, OK 74078-0422

E-Mail: nasaedutv@smtpgate 0su Mg Nasa gov




NASA Television

NASA Television (TV) is the Agency’s distribution system for live and taped programs.

It offers the public a front-row seat for launches and missions, as well as informational
and educational programming, historical documentaries, &~ d updates on the latest
developments in aeronautics and space science.

The ecucational programming is designed for cldssrooom use and is aimed at inspiring
student: to achieve—especially in science, mathematics, and technology. If your school’s
cable TV system carries NASA TV or if your school has access to a satellite dish, the pro-
grams may be downlinked and videotaperi. Daily ard monthly programming sched-
ules for NASA TV are also available via NASA Spacelink. NASA Television is transmitted
on Spacenet 2 (a C-band satellite] on transponder 5, channe! 8, 69 degrees West with
horizontal polarization, frequency 3880 0 Megahertz, audio on 6.8 megahertz. For
more information contact:

NASA Headquarters

Technology and Evaluation Branch
Code FET

Washington, DC 20546-0001

NASA Teacher Nesource Center Network

To make additional information available to the education community, the NASA
Education Division has created the NASA Teacher Resource Center (TRC) network. TRCs
contain a wealth of information for educators: publications, ieference books, slide sets,
audio cassettes, videotapes, telelecture programs, computer programs, lesson plans,
and teacher guides with activities. Because e«ch NASA Field Center has its own areas
of expertise, no two TRCs are exactly alike. Phone calls are welcome if you are unable
to visit the TRC that serves your geographic area. A list of the Centers and the geo-
graphic regions they serve starts on pJge 130.

Regional Teacher Resource Centers {RTRCs) offer more educators access to
NASA educational materials. NASA has formed partnerships with universities, muse-
ums, and other educational institutions to serve as RTRCs in many states. Teachers
may preview, copy, or receive NASA materials at these sites. A complete list of
RTRCs is available through CORE.

NASA Central Operation of Resources for Educators (CORE) was established
for the national and international distribution of NASA-produced educational mate:
rials in audiovisual format. Fducators can obtain a catalogue of these matenals
and an order form by written request, on school letternead to

NASA CORE

torain County Joint Vocationdl School
15181 Route 58 South

Oberin, OH 44074

Phone. (216) 774-1051, Ext. 293 or 294




GENERAL INFORMATION FOR
TEACHERS AND STUDENTS

if You Live In:

Center Education
Program Officer

Teacher Resource Center

Alaska Nevada
Arizona Qregon
Calfornia Utah
Hawari Washington
ldaho Wyoming
Montana

Mr. Garth A. Hull
Chuef, Education Programs Branch
Mail Stop 204-12

NASA Ames Research Center
Moffett Field, CA 94035-1000
PHONE (415) 604-5543

Connecticut
Delaware
DC

Maine
Maryland

Colorado

Kansas OFlahoma
Nebraskd

New Mex: 3 Texas
Florida

Georgra
Puerto Rico
Virgin Isiands

Kentucky
North Caroling
South Carohni
Virgmnid

West Virginie

Hnors
Inciana OO
Michigan NG

North Deakota

South [0 wota

Minneson

RN

New Hampshire
Newy Jersey
New York

T ennsyivania
rhode Isiand
Massachusetts Vermont

Mr Richarat Crone
Educatonal Programs

Code 130

NASA GSFC

Greenbelt, MD 2077 1-0001

PHONE. 301} 286-720:

Dr Robert W Fitzmaurice

Center Education Program Ofticer
Education and Public Services
Branch - ARP?

NASA Johnson Space Center
Houston, TX 77058-3696
PHONE: (713)483-1257

Dr Steve Dutczak

Chief, Education Services Brar. h
Mail Code PA-ESB

NASA Kennedy Space Center
Kennedy Space Center, FL
32899-0001
PHONE (40/) 867-4444

Ms. Narchelle Canright

Center Education Program Officer
Mail Stop 400

NASA Langley Research Center
Hampton, VA 23681-0001
PHONED (8041 864 3213

NMs o Ann Charleston

Acting Chuet, Office of
Educational Programs

N Stop 744

NASA Lewis Research Center
21000 Brookpark Road
Caveland CHE 4435 319
PHONE (2160300907

13

NASA Teacher Resource Center
Mail Stop T12-A

NASA Ames

Research Center

Moffett Field, CA ©1035-1000

PHONE (415} 604-3574

NASA Teacher Resource {ab
Man Code 130 3

NASA GSFC

Greenbelt, MDD 2077 1-0001
PHONE 13011 286-8570
NASA Teacher Resource Room
Mail Code APZ

NASA Johnson

Space Center

Houston, Tx 77058-3696
PHONE /13, 483-8696

NASA Educdtors Resource Lo
Mol Code ERL

NASA Kennedy

Space Center

Kenro  “mace Center Fl
32899-0001

PHONE (407 8674090

NASA Teacher Resource Cotiter
NASA Langley

Research Center

Virginia Air and Space Cente
600 Settlers Landing Road
Hampton, VA 23699-41133
PHONE (8041727-0900 x 75/

NASA Teacher Resource Conte
Mail Stop 81

NASA Lewis

Research Center

21000 Brookpark R
Cleveland, OR 3417 35 319!
PHIONE  inn 434 20017




If You Live In: Center Education Teacher Resource Center
Program Officer
Alabama Louisiana Mr. JD Horne NASA Teacher Resource Center
Arkansas Missouri Director, Education Programs Office NASA MSFC
lowa Tennessee Mail Stop CL Ol U.S. Space and Rocket Center
NASA MSFC PO. Box 070015
Huntsville, AL 35812-0001 Huntsville, AL 35807-7015
PHONE: (205) 544-8843 PHONE: ({205] 544-5312
Mississippi Dr. David Powe NASA Teacher Resource Center
Manager, Educational Programs Building 1200
Mail Stop MAOQO NASA John C. Stennis
NASA John C. Stennis Space Center
Spac= Center Stennis Space Center, MS
Stennis Space Center, MS 39529-6000
39529-6000 PHONE: (601) 688-3338
PHONE: (601} 688-1107
The Jet Propulsion Dr. Fred Shair NASA Teacher Resource
Laboratory (JPLj Center Manager, Educationat Affairs Office  JPL Educational Outreach
serves inquines related to Mail Code 183-900 Mail Stop CS-530
space and planetary NASA Jet NASA Jet
exploration and other JPL Propulsion Laberatory Propuision Laboratory
activities. 4800 Oak Grove Drive 4800 Oak Jarove Drive
Pasadena, CA 91109-8099 Pasadena, CA 91109-8099
PHONE: {818) 354-8251 PHONE: (818) 354-6916
Californiq NASA Teacher
{mainly cities near Dryden Resource Center
Flight Research Facility) Public Affairs Office (Trl. 42)

NASA Dryden Flight
Research Facility
Edwards, CA 93523-027 3
PHONE: (805) 258-3456

Virginia and Marylands NASA Teacher Resource Lab
Eastern Shores NASA GSFC
Wallops Flight Facility
Education Complex -
Visitor Center
Building J-17
Wallops Island, VA
23337-5099
Phone (804) 8/24.27907/7794




ection 4

Educational Affairs Division

Joan Maier McKean, Educational Affairs, E3
SSMC4, Room 1W225

1305 East West Highway

Silver Spring, Maryland 20910
{301)713-1170

FAX (301) 713-1174

National Climatic Data Center
National Oceanic and Atmospheric Admin.
Federal Building

Asheville, NC 28801-2696

Archived, historical climate data.

National Environmental Satellite, Data,
and Information Service (NESDIS)
Colby Hostetler

NESDIS Outreach Office

Federal Building 4, Room 1045

Suitland, Maryland 20233

(301) 7634691

FAX (301) 763-4011

NESDIS primary education goal is to enable teachers to access and interpret satellite
imagery as an Earth science education tool. Data can be accessed by direct readout

from orbiting satellites or via the Internet.

National Marine Sancti ary Program and the
National Estuarine Research Reserve System

Lauri Maclaughlin, Education Coordinator
Sanctuaries and Reserves Division

SSMC4, Room 12409

1305 East West Highway

Silver Spring, Maryland 20910

(301) 713-3145

FAX (301) 713-0404

Identify, designate «nd manage qreas of the manne environment of national signifi-
cance. Thirteen sanctuanes have been established, visitor centers at these sites promote

education activities

NOAA Public Affairs Office
Correspondence Unit

Room 317

1825 Connecticut Avenue NW
Washington, DC 20735

NATIONAL OCEANIC AND
ATMOSPHERIC ADMINISTRATION (NOAA)




Limited number of publications suitable for classroom instruction that teachers can
request by mail. Some of these titles are available on the Internet.

Nati. 1al Sea Grant College Program
Director, National Sea Grant College Program
SSMC3, Room 11843

1315 East West Highway

Silver Spring, Maryland 20910

(301) 713-2431

FAX (301) 713-0799

Develop and analyze U.S. marine resources. Offices divisions are: living resources,
non-living resources, technology and commercial development, environmental studies
and human resources

National Snow and Ice Data Center (NSIDC)
Box 449

Cires Campus

University of Colorado

Boulder, Colorado 80309

[303) 492-6197

National \Weather Service (NW/S)
Ron Gird

Office of Meteorology

SSMC2, Room 14110

1325 East West Highway

Silver Spring, Maryland 20910
(301) 713-1677

FAX (301) 713-1598

Supports educational programs developed by a variety of outside organizations such
as American Meteorological Society and the Weather Channel. Provides a series of pub-
lications on severe weather and broadcasts NOAA weather radio to increase public
awadareness and responsibility in the event of severe weather.




ORGANIZATIONS

ection 5

American Meteorological Society
1701 K Street NW, Suite 300
Washington, DC 20006-1509

Request information about the Atmospheric Education Resource 7 \gent (AERA] program
and the AERAs In your state,

American Radio Relay League
225 Main Street
Newington, Connecticut 18601

Amateur club with local chapters, possible source of techrical assistance with equipment

American Weather Observer
401 Whitney Boulevard
Belvedere, inois 6! GLo-5772

Weather interest group with publication

Amsat

PO Box 27

Washington, DC 20044
(301) 589-6062

FAX (301) 608-3410

Non-profit organization, members are a potential source of local technical dassistance

to schools (e.g.. direct readout ground station set-up), Amsat also publishes fow-cost
softvvare

AskEric

ERIC Clearinghouse on Information Resources
Center for Scence and Technology

Syracuse University

Syracuse, New York 13244-4100

(315) 4439114

(315) 443-5448

emall: askenc@enicirsyr edu

See The Internet, this soction

Dallas Remote Imaging Group (DRIG) Information System
Dallas, Texas

SYSOP: Dr Joff Wellach

(214) 3947438

24 hours

14 400/9600/2400 bt

8 it NO panty 1 stop




International organization of professionals interested in image-processing techniques,
tracking satellites, and telemetry analysis. DRIGS bulletin board system provides
Keplerian elements free; fee to access other services.

Educational Center for Earth Observation Systems
School of Education

West Chester University

West Chester, Pennsylvania 19383

(215) 436-2393

FAX (215) 436-3102

Annual (March) Satellites and Education Conference, other educational information,

International Weather Watchers

PO Box 77442

Washington, DC 20013

American weather interest group with publication.

Internet Society

1895 Preston White Drive:, Suite 100
Reston, Virginia 22091

(703) 648-9888

FAX(703) 620-0913

email. 1soc@isoc org

See The Internet, this section

The Weather Channel
Education Services

2690 Cumberland Parkway
Atlanta, Georgia 30339
{404} 801-2503

Televised weather documentdries, educational programming, educational matenalis
for sale.




ection 6

~ VENDORS

This is not an endorsement, recommendation, or guarantee for any person or product,
nor does a listing here imply a connection with NASA or the MAPS-NET project. These
vendors sell direct readout hardware, software, and/or services.

Amsat

PO Box 27

Washington, DC 20044
(301) 589-6062

FAX (301) 608-3410

Clear Choice Education Products
PO Box 745

Helen, Georgia 30545

800 533-5708

FAX (706) 865-7808

ERIM

Earth Observation Group
PO Box 134001

Ann Arbor, Michigan 48113
(313) 994-1200, ext 3350
FAX (313) 668-8957

Fisher Scientific

4901 West LeMoyne Street
Chicago, lllinois 60651
800 955-1177

FAX (312) 378-7174

GTI

1541 Fritz Valley Road
Lehighton, Pennsylvania 18235
(717) 386-4032

FAX (717) 386-5063

Lone Eagle Systems Inc.
5968 Wenninghoff Road
Omaha, Nebraska 68134
(402) 5710102

FAX (402) 572-0745

Marisys Inc.

131 NW 43rd Street

Boca Raton, Florida 334 3!
(407) 3610598

FAX (407) 361-0599

MultiFAX

143 Rollin Irish Road
Milton, Vermont 05468
(802) 893-70006

FAX (802} 8936859

OFS Weatherfax

6404 Lakerest Court

Raleigh, North Carolina 27612
(919) 847-4545

Quorum Communications, Inc.
8304 Esters Boulevard

Suite 850

Irving. Texas 75063
800-982-96.14

(214) 915-0256

FAX (214) 915-0270

BBS (214) 915-0346

Satellite Data Systems, Inc.
800 Broadway Street

PO Box 219

Cleveland, Minnesota 56017

(507) 931-4849
FAX same as voice number

Software Systems Consulting
615 S. El Camino Real

San Clemente, California 92672
(714) 498-5784

FAX (714) 498-0568

Tri-Space Inc.

PO Box 7166

MclLean, Virginia 22106-7166
(703) 442-0666

FAX (703} 442-9677

U.S. Satellite Laboratory
8301 Ashford Blvd., Suite 717
Laure!, Maryland 20707
(301} 490-09672

FAX (301) 490-0963

Vanguard Electronic Labs
196-23 Jamdica Avenue
Hollis, New York 11423
(718) 468 2720
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WEATHER FORECAST
‘ OFFICE LOCATIONS

ection 7
The following are Weather Forecast Office locations proposed under the National
Weather Service modernization. Teachers are encouraged to contact their nearest
office for information about local and hazardous weather.

WFO Name— Proposed Office Location

Metropolitan Area
Aberdeen, SD Aberdeen Regionat Airport
Albany, NY State University of New York, Albany
Albuquergque, NM Albuquerque International Airport
Amarillo, TX Amarillo International Airport
Anchorage, AK Anchorage International Airport
Atlanta, GA Falcon Field, Peachtree Ciy
Austin/San Antonio, TX New Braunfels Municipal Airport
Baltimore, MD/Washington, DC Sterling, VA
Billings, MT Billings-Logan International Airport
Binghamton, NY Binghamton Regional - Edwin Link Field
Birmingham, AL Shelby County Airport
Bismarck, ND Bismarck Municipal Airport
Boise, 1D Boise Interagency Fire Center
Boston, MA Taunton, MA

. Brownsville, TX Brownsville International Airport
Buffalo, NY Greater Buffalo International Airport
Burlington, VT Burlington International Airport
Central lllinois, IL Logan County Airport
Central Pennsylvania, PA State College, PA
Charleston, SC Charleston International Airport
Charleston, WV Ruthdale, WV
Cheyenne, WV Cheyenne Municipal Airport
Chicago, IL Lewis University Airport
Cincinnati, OH Wilmington, OH
Cleveland, OH Cleveland-Hopkins International Airport
Columbia, SC Columbia Metropolitan Airport
Corpus Christi, TX Corpus Christi International Airport
Dallas/Fort Worth, TX Fort Worth, TX
Denver/Boulder CO Boulder, CO
Des Moines, 1A Johnson, 1A
Detroit, Ml Pontiac/Indian Springs Metropark
Dodge City, KS Dodge City Regional Airport
Duluth, MN Duiuth, MN
Eastern North Dakota, ND near University of North Dakota
El Paso, TX Dona Ana County Airport dt Santa Theresa, NM
Elko, NV Elko, NV
Eurcka, CA Woodley Island, CA
Fairbanks, AK University of Alaska, Farbanks, AK
Flagstaff, AZ Navajo Army Depot, Bellmont, AZ
Glasgow, MT Glasgow City and County Int'l Airport
Goodland, KS Goodland Municipal Airport

.2. A u
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WFO Name-—
Metropolitan Area

Grand Junction, CO
Grand Rapids, MI

Great Falls, MT

Green Bay, Wi
Greenville/Spartanburg, SC
Hastings, NE

Honolulu, HI
Houston/Galveston, TX
Indianapolis, IN
Jackson, MS
Jacksonville, FL

Juneau, AK

Kansas City/Pleasant Hill, MO
Knoxville/Tr Cities, TN
La Crosse, WI

lL.ake Charles, LA

Las Vegas, NV

Littie Rock, AR

Los Angeles, CA
Louisville, KY

Lubbock, TX

Marquette, M

Medford, OR
Melbourne, FL
Memphis, TN

Miami, FL
Midland/Qdessa, TX
Milwaukee, WI
Minneapolis, MN
Missoula, MT

Mobile, AL

Morehead City, NC
Nashville, TN

New Orleans/Baton Rouge, LA
New York City, NY
Norfolk/Richmond, VA
North Central Lower Michigan
North Platte, NE
Oklahoma City, OK
Omaha, NE

Paducah, KY

Pendleton, OR
Philadelptia, PA
Phoenix, AZ

Pittsburgh, PA
Pocatello/Idano Falls, 1D
Portland, ME

Proposed Office Location

Walker Field, Grand Junction Airport
Kent County International Airport
near Great Falls International Airport
Austin-Straubel Field
Greenville/Spartanbu rg Airport
Hastings, NE

University of Hawait Honolulu, HI
League City, TX

Indianapolis International Airport
Jacksorn Municipel Airport
Jacksonwville International Airport
{not yet determiined)

Pleasant Hill, MO

Morristown Airport Industrial District
La Crosse Ridge, La Crosse, WI

Lake Charles Regional Airport

Las Vegas, NV

North Little Rock Municipal Airport
Oxnard, CA

Louisville, KY

Lubbock, TX ‘
Marquette County Airport
Medford-Jackson County Airport
Melbourne Regiona! Airport
Agricenter International Complex
Florida International University
Midland International Airport
Sullivan Township, Jefferson County
Chanhassen, MN

Missoula International Airport
Mobile Regional Airport

Newport, NC

Old Hickory Mountain, TN

Shdell Airport

Brookhaven National Lab, Upton, NY
Wakefield, VA

Passenheim Road, MI

Nortin Platte Regional Airport
University of Okiahoma Westheimer Airpark
Valiey, NE

Barkley Regional Airport

Pendleton Municipal Airport

Mt Holly, NJ

Phoenix, AZ

Coraopolis. PA

Pocatello Reqgional Airport, 1D
Giray, MF

1‘,
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WFO Name— Proposed Office Location
Metropolitan Area
Portland, OR near Portland International Airport
Pueblo, CO Pueblo Municipal Airport
Quad Cities, I1A Davenport Municipal Airport
Raleigh/Durham, NC NC State University, Raleigh, NC
Rapid City, SD Rapid City, SD
Reno, NV Reno, NV
Riverton, WY Riverton Regional Airport
Roanoke, VA Blacksburg, VA
Sacramento, CA Sacramento. CA
Salt Lake City, UT Salt Lake City International Airport
San Angelo, TX Mathis Field
San Diego, CA (not yet determined)
San Francisco Bay Area, CA Monterey, CA
San Joaquin Valley, CA Hanford Municipal Airport
San Juan, PR Luis Munoz Marin Int't Airport
Seattle/Tacoma, WA NOAA Western Regional Center
Shreveport, |A Shreveport Regional Airport
Sioux Falls, SD Sioux Falls Municipal Airport
Spokane, WA Rambo Road. Spokane, WA
Springfield, MO Springfield Regional Airport
‘ St. Louis, MO Research Park, St. Charles County
Tallahassee, FL Florida State University
Tampa Bay Area, FL Ruskin, FL
Topeka, KS Philip Billard Municipal Airport
Tucson, AZ University of Arizona, Tucson, AZ
Tulsa, OK Guaranty Bank Building
Wichita, KS Wichita Mid-Continent Airport
Wilmington, NC New Hanover International Airport
iver Forecast Centers
m River Forecast Center Name Co-located Weather Forecast Office
Southeast RFC Atlanta, GA
Lower Mississippi RFC New Orleans/Baton Rouge. LA
Arkansas-Red Basin RFC Tulsa, OK
West Gulf RFC Dallas/Fort Worth, TX
Ohio RFC Cincinnat, OH
Middle Atlantic RFC Central Pennsylvania, PA
Northeast RFC Boston, MA
Colorado Basin RFC Salt Lake City, UT
California-Nevada RFC Sacramento, CA
Northwest RFC Portland, OR
North Central RFC Minneapolis. MN

Missouri Basin RFC Kansas City/Pleasant Hill, MO
Alaska RFC Anchorage, AK




THE INTERNET: ANOTHER
SOURCE OF IMAGERY

ection 8

Orie of the fastest growing resources of information today 1s the Internet. Pick up a
recent newspaper or magazine, turn on your television, and chances are you will read
or hear about this powerful tool. A leading proponent of the Internet, Vice President
Albert Gore recently set a goal for the year 2000 to connect every school and library in
the United States to the “National Information Infrastructure.”

The Internet contains text, images, and software on a broad range of topics. ltis a
computer network (commercial, government, research, and educational) which spans
the globe and provides instant access to information and communication. Users can
download text, images, and software for both IBM and Maantosh computers. Users
can also participate in discussion groups and have instant access to experts worldwide

For those who do not have access to an environmental satellite direct readout system,
the Internet s an alterndtive source for up-to-date polar and geostationary ervironmen-
tal satellite images. Images downloaded from the internet can be used with the envi-
ronmental satellite lesson plans that hdave been developed as part of the Looking at
Earth From Space series.

This listng of Internet sites where environmental satellite (polar and geostationary)
imagery may be downloaded, aiso includes bricf information describing some com-
mon Internet tools In this section, resour:es are identfied by their Uniform Resource

Locator or URL The following code s used ‘

ftp://host name. domain/directory/{filename) File Transfer Protocol (FTP) Site
http.//host. name domain/directory/{filename)  World Wide Web (WWW/) Server
telnet:.//host.name . domain Telnet Site

gopher //host.name . doman Gopher Server

Check with local colleges for avarlability of no-cost access. Other possible sources are
local ibranes and dial-up services

As you explore the Internet, pledase keep in mind that this 1s an ever-changing environ-
ment-—some of the sites you use today mdy be gone tomorrow. The network services
hsted in this section have proven dependable However, you will discover that some of
these references have changed @nd that many New resources exist

ERIC
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SkERIC
n The Educational Resources Information Center (ERIC) is a federally-funded national
information system that provides access to education-related literature at all education
levels. AskERIC is an Internet-based question-answering service for teachers, library
media specialists, and administrators. Anyone involved in K-12 education may send a
question to AsKERIC, whose policy is to respond to all questions within 48 hours.

ASKERIC

ERIC Ciearinghouse on Information Resources

Syracuse University — Center for Science and Technology
Syracuse, New York 13244-4100

(315) 443-9114; FAX (315) 443-5448

email: askeric@ericir.syr.edu

he Internet Society serves as the international organization for
T cooperation and collaboration.

Internet Society

1895 Preston White Drive, Suite 100

Reston, Virginia 22091

(703} 648-9888, FAX (703) 620-0913
‘ email. 1soc@isoc.org

ANONYMOUS FILE
TRANSFER ProTOcCoL (FTP)

File Transfer Protocol (FTP) allows the user to connect to another computer and copy files
from that system to the users compuiter. It also allows the user to upload files. Files may
include ASCII text files, PostScript files, software, and images. Many computer systems also
allow general public access to specific sections of their files through Anonymous FTP The
following Anonymous FTP sites contain polar and geostationary satellite images, in for-
maits such as GIF that can be used on IBM and Macintosh computers Note that these
addresses are valid with World Wide Web browsers If you are using FTP software, omit
ftp:// from the following addresses.

Address: Description:
ftyy Z/ats st edu/pub/wedather/ Hurncane Andrew and Emily images

ftpp //aurelie soest hawan.edu/puby  University of Hawan Satellite Oceanography
Laboratory — Japanese Geostationdry
Meteorological Satellites (GMS), AVHRR data from
HRPT stations, and pubhc domeain softwedre for
ACCessiNg data
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Address:

ftp://early-bird.think.com/pub/
weather/maps

ftp.//earthsun.umd.edu/pub/
jei/goes

ftp.//explorer.arc.nasa.gov/
pub/weather

ftp://ftp.colorado.edu/pub/

ftp.//ftp.ssec.wisc.edu/pub/images

ftp://hurricane.ncdc. noaa.gov
ftp.//7kestrel. umd edu/pub/vyx
ftp://photol si.edu/More
Smithsonian.Stuff/nasm.

planetarium/weather.qif

ftp://rainbow. physics.utoronto.ca/
pub/sat_images

ftp://sumex-aim.stanford.edu/
pub/info-mac/art/qt

ftp://thunder atms purdue edu

fp//umidata ucar edu/images/
Images gif

ftp://wmeaps aoc nrao edu/pub/wx

ftp//wx research att com/wx

Description:

Hourly GOES visible and IR (last few days)
Anonymous FTP site for the “Blizzard of 93"
movie in .flc format

GOES and Japanese Geostationary
Meteorological Satellite (GMS) images

Includes satellite images for several U.S. cities
and regions, as well as images of hurricanes
Andrew and Emily in the subdirectory
“hurricane.andrew.” Also included are radar
summary map GIF and PICT files ¢nd surface maps.

University of Wisconsin FTP server

NOAA climate archives
Hourly GOES visible and IR (last few days)

NOAA and other satellite iImages

Imaqes of Hurricane Emily

Anonymous FTP site for Quicktime (for
Macintosh) movie of the “Blizzard of 93"
Purdue University, “The Weather Processor” —
current GOES visible and IR images and other

weather information

Images of hurricanes Fmily, Hugo, Beryl, Kevin

Hourly GOES visible and iR (last few days)

Hourly GOES visible and IR {last few days)




GOPHER

Gopher servers present information to users through a series of menus. By choosing
menu items, the user is led to files or servers on the Internet. Gopher can also retrieve
files because it has a built-in interface to FTP Note that these addresses are valid for
World Wide Web browsers. If you are using Gopher software, omit gopher:// from the
following addresses.

Address: Description:

gopher://cmitsu2 dow.on.doe.ca Car sdian Meteorological Centre server, GOES
visible and IR images and other weather
information

gopher://downwind spri.umich.edu  University of Michigan Weather Underground—
current GOES visible ¢ind IR, climate and
weather data, images of historic weather cvents
(e.g.. Blizzard of 93, hurricanes Andrew, Hugo,
Emily. Elena)

gopher://gopher.esdim.noda.gov NOAA Environmental Satellite Informeition
Service —includes GOES, Meteosat, and poldar-
orbiting satellite imagery

gopher://gopher ¢jsfc.nasa gov NASA Goddard Space Flight Center im:formeation
‘ server
gopher://gopher.ssec.wise edu University of Wisconsin server -— daily full-disk
GOES image
qgopher://informns k12.mn.us Gopher information related to grade K-12
qgopher:.//metiabl .met fsu. edu Hourly GOES visible and IR {last few days)

gopher.//thunder atms purdue.edu Purdue University Gopher server containing
meteorological satellite imagery and other

infarmation
gopher //unidatd L dr edu Images of hurricanes Emily, Hugo, Beryl, Kevin
qophet.//wx atmos e edu University of [Ilhnois Weather Machine —

ncludes GOES images -— current and archived
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WorLp Wipe WEB

(WWW) SERVERS

The WWW is a hypertext-based, distributed information system created by researchers
in Switzerland. Users may create, edit, or browse hypertext documents. The WWW
servers are interconnected to allow a user to travel the Web from any starting point

Address:

http://cmits02 dow.on.doe.ca

http://meawx ! nrrc.ncsu.« du

http://vortex. plymotith.edu

http //1s560 ¢f msu edu/weather

httys //satftp.soest Naweait edu
Laboratory server

http //thunder.atms. purdue.edu

http://ur data ucdar eddu

http.//wW AW dtmaos.uilc.edu

WU 7o esdim noad (ov

htp 7/www met fuberhin o/
DataSourc es/Metined x bt

Description:

Canadian Meteorological Centre — current
GOES visible and infrared images in ;peg format
{Text in English and French)

North Carolina State University server, includes
latest visible and infrared satellite images, current
regional and national weather maps, cimatic
data, tropical storm updates, and other weather-
related information

Plymouth State College-Plym-uth, New
Hampshire Weather Center Server, includes cur
rent U.S. infrared satellite images and IR satellte
loop {movie), surface anaiysis and radar/precipi-
tation summary, historical weather events and
other weather-related information

Michigan State University server contdiming cur
rent weather maps, images {GOES, Meteosat,
and GMS), and movies

University of Hawau Sateliite: Oceanography

The Weather Processor at Purdue: University —
server containing GOES wvisible and IR satellite
images and other weather «nd chmdte information

Weather-related datasets. including satellite
images, radar scan images, houtly observations
from international weather reporting statiorns, etc

University of llincis Daily Planet, including
weather and climate information, hypermedia
nstructional modules related to meteorolodgy
and WMWY version of the University of lihnors
Weather Machine, which incluces current and
archived GOES ima jes

NOAA Environmental Satelhte Information
Services Home Pace

The World Wide Web Virtual Library
Meteorology—produced by the Universiny of
Berlin, thry server is categonized by suibjedt

b
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http.//www.ne dc.noaa.gov/ncdc.htmi

http://http.ucar.edu

http://zebu ucregon edu/weather.htmi

http.//www . usra edu/esse/ESSE html

esources for Software
Name:

gopher.//downwind.spri.unuch.edu
ftp //madlaty sprl.umich.edu/puty/
Biue-Skies

ftp Z/mac archive umich edu

fip //Nncsa uuc . edul

frpy Z7camiex cim stanford edu
ftp 72 uarchive veustl edu

ftp Z/spracelink misfo nasa qow
Aophet Z/spacelnk mste nasa gov
telnet //<pacehnk msfc ndasa qgov
Pty Z7spacehnk meste nasa oy

National Climatic Data Center Server

NCAR server, includes current satellite image,
weather maps, and movies

University of Oregon current weather page,
Including latest IR and VIS 1mages of the U.S.,
surface analysis map, and local weather
information

Earth System Science Education Program
server developed by the Universities Space
Research Association. Contains current GOES
VIS and IR images, surface analysis map, and
information and materials related to Earth
system saience education

Description:

Sources for BLUE-SKIES, a unique weather display
system developed for K-12 schools by the
University of Michigan. BLUE-SKIES allows
Interactive access to weather and environmental
images, animations, And other information. The
program requires a TCP/IP network connection.

Anonymous FTP site for Maantosh software

National Center for Supercomputing
Applications’ public domain software for image
processing, ddta andlysis, and visualization,
applications are avallable for Macintosh, PC,
UNIX platforms. NCSA s also the developer of
Mosaic, & hypertext-based interface to the
WA designed for Macntosh computers. A
PPP or SLIP connection s required for running
Maosaie

Ancnymotss FTR wite for Macintosh software
Mitror site tor many major FTP sites
NASA Spaccehnt source for pubhc
domamy sottware related to sateihte

tracking and image-viewing programs,
a4y wWell s many other NASA educational

TOSOMTT 0




Books/ARTICLES/
OTHER RESOURCES

Experience the Power: Network Technology for Education Video released by the
National Center for Educational Statistics. Contact: National Center for Education
Statistics, 555 New Jersey Avenue, N.W. Room 410 C, Washington, DC 20208-5651,
Phone: (202) 219-1364; FAX: (202) 219-1728; email. ncerinfo@inet.ed.gov.

FY! on Questions and Answers to Commonly Asked Primary and Secondary School
Internet Users Questions by Jennifer Sellers of the NASA internet School Networking
Group, February 1994(Request for Comments [RFC] number 1578, FYl number 22, ).
Details on obtaining RFCs via FTP or EMAIL may be obtained by sending an EMAIL mes-
sage to rfc-info@ISI.EDU with the message body —

help: ways_to_get_rfcs.

The internet for Durnmies by John Levine and Carol Baroud:, IDG Books Worldwide,
1993. An easy-to-understand and entertaining reference, which is written for the
beginning Internet user. Covers IBM, Macintosh, and UNIX computers.

Global Quest: The Internet in the Classroom 1s a short video produced by the NASA
National Research and Education Network (NREN) K-12 initiative. A copy can be
oraered from NASA Central Operation of Resources for Educators (CORE). Teachers
may also make a copy by bringing a blank tape into their local NASA Teacher Resource
Center. Information on CORE and the TRCs is included in section 3 of this Chapter.

Internet Worid, Mecklér Corporation Westport, CT. A monthly magazine, which started

publication in 1992 .
Metecsat Images on CO-ROM, 1986-1991, Meteosat Data Service, European Space

Agency, Robert Str.5, D6100 Darmstadt, Germany (price available on request).

Contains one full-disk infrared image per day, one visible image on day | of each

month (at the same time as the infrared image), one water vapor image on day | of

each month of 1991. Also included are images of the Blizzard of 1993 over the east

coast of the United States and images of Kuwait during the Gulf War,

Sources of Meteorological Data Frequently Asked Questions (FAQ), by llana Stern,
1993 Avallable through Anonymous FTP to rtfm.mit.edu, from the files
weather/data/part 1 and weather/data/part 2 in the directory
/pub/usenet/news.answers. If you cant use FTP send an email to mail-
server@rtfm.mit.edu with the following message as the text:
send/pub/usenet/news.answers/weather/data/part! or
send/pub/usenet/news.answers/weather/datas/part? (note. send separate email mes-
sages for part 1 and part 2|

Zen and the Art of the Internet A Beginner’s Guide by Brendan P Kehoe, TPR Prentice
Hall, Englevvood Chffs. N 1993




ACTIVITIES

T he following classroom activities
are organized by grade level.




Using the Activities

Imagery from Environmental Satellites

Activities

Grade Level 4-6

Grade Level 6-8

Grade Level 5-8

Grade Level 8

Grade Level 9

Grade Level 9

Grade Level 7-12

Grade Level 9-12

ACTIVITIES

Using Weather Symbols

Forecasting the Weather: Satellite Images & Weather Maps

Cloud Families

Cloud ldentification

Classification of Cloud Types Through Infrared APT Imagery
Background: Clouds

Comparison of Visible and Infrared Imagery . ... ...
Background: APT Imagery

Right Down the Line: Cold Fronts

To Ski or not to Ski

Infrared and Visible Satellite Images
The Electromagnetic Spectrum

Understanding a Thunderstorm - Development Through Expiration

Animation Creation . ... ... ... .

Wherefore Art Thou, Romeo? .. ... ... ... .. ... ..
Background: U.S. Geostation:ry Environmental Satellites
Background: Hurncanes

A Cold Front Passes .. .. ..

Will There be a Rain Delay?

Seasonal Migration of the ITCZ . ... ... .. ... ... ..
Background: Intertropical Convergence Zone (ITCZ)

Using Weather Satellite Images to Enhance a Study of
the Chesapeake Bay ... .

band
N
> a

149

150

151

161

171

183

190

213

..223

. 229

233

242

. 257

265

272

280

. 288




USING THE ACTIVITIES

The activities presented here were developed by pre-college science teachers for use in
their own classrooms. The contributing teachers are all participants in a NASA-spon-
sored project to enhance science education through expanded knowledge of Earth
system science and the use of satellite technology and remote-sensing techniques. Tr e
NASA series, Looking At Earth From Space, was published to provide a comprehensive
resource for educators who want to utilize data from environmental satellites in their
classroom. Refer to te other publications in this series for additional information.

These innovative activities reflect creative approaches to specific classroom needs, yet
they have virtually universal application. The activities enable multi-disciplinary learning,
engage higher-level thinking skills, and prasent real-life applications. The activities sug-

gest appropriate grade levels; minor adjustments for ability and time constraints will
broaden their use.

We advocate the excitement that is generated by using ground stations in the classroom.
However, the lessons can be used with the satellite imagery contained in this publication,
and/or supplemented with imagery from the Internet. Many of the images that accompa-
ny the activities have answer pages, that is, images with additional information to assist
you with analysis. These images are all labeled with an a, such as image 1 and la. Some
of the lessons have visible and infrared image pairs (indicated by v and /). See pages 94,
95, and 192 for more information about these two types of images.

satellite imagery may be both a new resource and new frontier for you. The following
notes should help

» The activitics were developed by teachers from Maryland and Washington, D.C.
and emphasize local weather conditions, topography. and in the one case, the
home team. You are encouraged to make these lessons equaily relevant for your

students by substituting local scenery and focusing on weather {good and
bad) common to your area.

» You dre encouraged to duplicate and use the wci ksheets and other materials In
the lessons. Some of the illustrations will make effective transparencies.

» Satellite imager toesnt aiways duplicate well. When multiples of the images are
needed, copies iade on a high-resolution copy machine (type commercial Copying
companies use) may prove adeqguate. Photographing the images in the book to
obtain slides may be more effective than copying. Classrooms with ground stations
and/or Internet access can print appropriate images in needed guantities.

» Tap locdl and electronic resources for support. Local Weather Service Field Offices,
weather forecasters, and newspaper and television predictions can assist with and
confirm your interpretations of the imagery The Internet allows access to both
satellite imagery and experts who can help with image analysis

s The wedtner symbols ans ! doud abbrs viations used in the acnvities are listed in the
Glossary at the back of this publication

s Acomplete Qtaton of the reterenc es isted with individual activities ¢an be found in
the: biblhograpty




IMAGERY FROM
ENVIRONMENTAL SATELLITES

Environmental {also known as meteorological or weather) satellites are unmanned space-
ships that carry a variety of sensors to observe Earth. Two types of meteorological satellite
systems are used to ensure comprehensive coverage. The two types of satellites are
named for their orbit paths—geostationary and polar-orbiting.

Both types of satellites carry remote-sensing equipment to obtain visible and infrared
images of Earth. The images can be captured and displayed with a direct readout
ground station {direct readout is the ability to obtain information directly from satellites).
Satellite images can also be obtained via the Internet.

It is important to note that satellite imagery should be used in conjunction with other data.
Satellite imagery was not intended to serve as either an isloated or comprehensive resource

The U.S. launched the worlds first environmental satellite, and continues to operate both
geostationary and po'ar-orbiter systems. Direct readout from U.S. geostationary satellites is
called Weather Facsimile (WEFAX). Direct readout from U.S. polar-orbiting satellites is
called Automatic Picture Transmission (APT). Both WEFAX and APT* are essentially brand
names, referring specifically to U .S, satellite data. Direct readout from other nations’ satel-
lites is correctly referred to as either geostationary or polar-orbiting satellite data.

be used, and whether visible or infrared images are needed.
* The terms WEFAX and APT refer to low-resolution satellite imagery. High resolution
(more detailed) data is available, but requires more expensive equipment than is usually

found in the pre-college classroom

figure 62.
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UsinG WEATHER SYMBOLS

Authors:

Russ Burroughs. Harford Day School, Bel Air, Maryland
Edward Earle, Norwood School, Bethesda, Maryland

Sue McDonald, Canton Middle School, Baltimore, Maryland

Grade Level: 4-6

Objectives:

Students will be able to recognize relationships between weather symbols and weath-
er patterns indicated by satellite images. Note that clouds may indicate weather activity
(such as a thunderstorm) but may be present without producing any such activity.
Note «lso that forecasts are developed by assessing a variety of data—it will be advis-
Able to utilize other data with the imagery (TV and newspaper forecasts, information
from Neational Weather Service and/or obtained from the Internet, etc.).

Rationale:

Students will gain experience in creating a weather map using satellite imagery. and
will fearn some of the symbols commonly used on wedther maps.

Relevant Disciplines:
Earth science, language drts, geography

Time Requirement:
Two 45-minute periods

image Format:
GQOES visible iImage

Prerequisite Skills:
Knowledge and comprenension of different forms of precpitation, clouds, and fronts.

Vocabulary:
front, preciprtation, sateilite imagery

Materials:
1 Large classroom map of North America

2. GOES satellite image (photocopies or overhead)
3 Copies of weather symbols and weather symbols key for distribution
3 US map with symbol keys
5o Category chart (for symbols)
G Sassors and glae
ctivities
Day One

1 Distnbute {or project) the satellite image and discuss the information represented
on the mage
)

2 Lead the Class in a discussion regarding the importance of using weather symbaofs
3 Divide the dass mto groups of four, for cooperative learning

jP' ’
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4 Distribute the sets of symbols, and instruct each group to cut the symbols apart
and categorize them into three groups. Each group of symbols should be some-
how related, and should be given a name that describes its meaning or function.
Each team of students will then present their three categories of symbols, and
explain their reasoning for their classification.

Day Two

I Divide the dass into groups of four.

2 Distribute the U.S. maps with symbol keys, and the satellite image.

3 Groups will draw as many symbols on the map as seem appropriate.
4

Each group will complete five maps, one for each student and a combined group
M)

- Check work by having jigsaw groups, four members from four cifferent groups,
Jether 1o compadre therr group’s weather map.

Conclusion:
Display group weather maps whereve  appropriate

Questions:

I What are we able to observe from a satelite image:?

2o How are weather symbols useful?

3 How e weather symbols categoriced, and why?

FooHow dowe use weather symbols to transfer what is observed from a satellite
NAGge ONto G Wedther map?

Extension:
Have students develop or discover other weather symbols.

References:

Ahrens, Donald C Meteorology Today. An Introduction to Weather. Climate, and the
Environment

QOES satelite mage
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WEATHER SYMBOLS
CLASSIFICATION

Group Members:

Category #1: -

Category #2: " |

Category #3: -
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figure 65. GOES infrared image, November 5, 1994
image courtesy of M. Ramamurthy, University of llinois. Urbana/Chamipeir




fiqure 65a. GOES infrared image, November 5, 1994
imAage courtesy of M. Ramamurthy, University of llinors, Urbana/Champeaign

Information 1n addition to the satellite image is necessdry to determine whether the
Precipitation s rain or snow, and how heavy the precpitation is (which symbol to use).

ERIC
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fiqure 66. NOAA 10, March 29, 1994 morning satellite
image courtesy of D. Tetreault, University of Rhode Isldand




figure 66a. NOAA 10, March 29, morning satellite
image courtesy of D. Tetreault, University of Rhode Island




FORECASTING THE WEATHER!
‘ SATELLITE IMAGES & WEATHER MAPS

Authors:

Russ Burroughs, Harford Day School, Bel Air, Maryland

Edward Earle, Norwood School, Bethesda, Maryland

Sue McDonald, Canton Middle School, Baltimore, Maryland

Linda Webb, Jarrettsville Elementary School, Jarrettsville, Maryland

Grade Level: 4-6
Objectives:

Students will use satellite images and weather [outcome) maps to forecast weather for
the Maryland region.

Rationale:

Students will be able to see the relationship between satellite imdages, weather maps,
and forecasting.

Essential Learnings:

1. Weather across the Northern Hemisphere can follow recognizable patterns.
2. Satellite images show the movements of air masses that affect weather.

3. Cloud movement and types are related to the weather in a region.

4. The presence of clouds does not necessarily indicate any weather activity

Relevant Disciplines:
Earth and Space Science, geography of North Americd, math (movement medasure-
ments, scale, temperature differences). language arts [predicting and writing a weather
forecast report)

Time Requirements:

Allotted 45 minute classes will bhe used as follows
s one 15-minute class

s  two to three 30-minute classes

s one 45-minute class

Image Format:
GOES and APT, visible images

Prerequisite Skills:

1. Knowledge of weather symbols

2 The ability to recognize cloud masses on 4 satellite image and associated weather
maps

AN understanding of the use of weather nstraments to coilect data on
remperature, wind, etc

Ao

Vocabulary:
forecast, front, imagery. precptaton, stationary, temperdature

Materials:

1 Weather mans from local papers (several days i succession)

2 GOES o APT satelliite images for the same days as the accamulated seeather meg,
3 Student mapy of the United States

4 Student weather forecast sheet

1t




ctivities

Day 1

1. Divide the class into cooperative learning teams of four students each.

2. Distribute day-00 weather map and the matching satellite images.

3. Compare the satellite image and weather map, and match features relating to
cioud cover and weather events.

4. Report team findings and discuss {(whole class).

Day 2
5. Distribute day-01 weather map and satellite image.

6. Compare the image and the weather map, and relate it to the previous ddy
7. Record and report any differences. Discuss.

Days 3-4
8. Distribute the third set of weather maps and images.
9. Compare them, and report any differences.

10. In individual groups, look for patterns that are occurring on the maps and images.
11. Discuss as a class.

12.In teams, use the patterns from the maps and images to predict the weather for
the next day.

13. Each team member completes a weather map and forecast for tie next day
14. Share and post forecasts and maps.

15. Use a satellite image and weather map for the next day to compare the actucl
weather to the forecasted weather,

note: Daily comparison of the images and weather maps couid be done in one or two
40-45 minute classes instead of daily, for four or five days.

Questions:
How are the satellite images and the weather maps the same?

1.

2. How are temperature, clouds, and precipitation related?

3. How does the movement of cloud patterns help us to find weather fronts?

4. How did the satellite images and weather maps change each day?

5. What patterns could you find in the changes each day?

6. How can finding these patterns help us to predict (forecast) the weather?

Extensions:

I Continuation of daily weather forecasting from maps and images by each group in
rotation.

2 Exploration of the factors that might have caused the forecast not to meteh the:
actual weather.

3 Investigation into wedther forecasting: history, tools, benefits

References:

Arrens, Donald - Meteorology Today: An Introduction to Weather, Cimate, and the
Environment

Berman, Ann E. Exploring the Environment Through Sateliite Imagery

For Spdactous Skies Sky Watchers Cloud Chart.

Ssummary of Forecast Rules by Cloud Types.
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WEATHER OUBSERVATIONS

name

day and date:

temperature: humidity:

barometer: rising/falling high wind direction:

cloud type: wind speed: fast, slow __

cloud cover i

general conditions:
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figure 68 GOES image, April 11, 1994, 0900 CDT
image courtesy of M. Ramamurthy, University of flinors, Urbana/Champeaign




new storm forming stationary front old storm

figure 68a. GOES image, April 11, 1994, 0900 CDT
Image courtesy of M. Ramamurthy, University of linoss, Urbana/Champ.ign

Old storm 1s producing rain. Arrows ir.dicate wind direction Images -3 for this activity
appear in the chapter entitied Weather Systems and Sateliite Images as figures 27¢.




27d. and 27f (paqges 40, 41, and 43}
fiqure 69 GOES image, Apnt 12, 1994, 0100 CDT
miage countesy of Mo Ramamurthy, University of Hinors, Urbana/Champaign




heavier ran
low yesterday low today maybe thunderstorms

old storm

/

fiqure 69a GOES image, April 12, 1994, 0100 CDT
Mage courtesy of Mo Ramamurthy, Uriversity af s Urhana/Champaign ‘

1

Campate paston ot low anch cold front to e focodors cnn Apes TE Note that storm
ostrengthenmg anc movineg ot
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figure 70. GOES image, April 14, 1994, 0600 CDT
image courtesy of M. Ramamurthy, University of llinois, Urbana/Champaign




X .
_ . N M. S

figure 70a. GOES image, April 14, 1994, 0600 CDT
image courtesy of M. Ramamurthy. University of ilinors, Urbana/Champaign

Note that the weather is dear over the Eastern United States. andd thet the storm s gone:
Hlove stadents determime location of the low on Apnb 130 Have students compeare the
‘eaton of the dowan thes figure wath thie locatien of the oled storns on daoy | (Aprd 11

-
-
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CLoubD FAMILIES

Authors:

Angeline Black, Kenmoor Middie School, Landover, Maryland
Renee Henderson, Forestville High School, Forestville, Maryland
Karen Mattson. Ballenger Creek Middle School, Frederick, Maryland
Allen White, New Market Middle School, New Market, Maryland

Grade Level: 6-8

Objectives:

Students will be able to:

I Identify and describe the four maor cloud famiies high, middle, fow, and
vertically developed; and

/2 Associate cloud families and satellite images with daily wedather patterns

Reievant Disciplines:
Earth and space science, meteorclogy, photography. «drt, computer scence

Time Requirement:
Z2-4 class periods

Image Format:
APT and GOES

Prerequisite Skills:
Students should be able to

I Identfy cloud families they can see from the grouncd,

7 ldentify dloud famihies from visible and mfrared sateflite images
3 identify typical weather associdted with doud families,

1. Operate a camerd,; and

5 ACcess a satellite image: from the computer bank

N

Vocabulary:
At arrus, cumubonambus, cumudus, stratus

Materials:

T 350 Cameia ancd/or Polarond camera

/ Satellite cloud dentification chart

3 PPoster board

4 Construction paper

o Glue, SCISSOIS, COUC Y, MArkers

O Satellite imacges - computer bank

/7 Photos of clouds - Camera O madazines

8 Teltex or shdes of ~atelhite miages (20 maone
9 Worksheet (o Farpmes

4

Preparation:
Betore heginmimeg the stadent activities thie teachier shosad
1 Obtamn visble arcfinfrared satellte mages (abot 200 sistrating e ey of fow

‘ midddic, high cnd verticolly developed o s

4LJJ




2. Qrganize materials into stations:

4. Computer with software and stored images.

b Cameri to photograph images once accessed.
¢ Camera to take outside photos and/or magazines «s sourc os of cloud photos;
d Matenals to assemble display: posterboard, glue, scissors elc
¢ Matendls to aedte 2-D clouds: cotton, glue,

t Reference matenals: cloud charts, weather maps

Note that current conditons may be cloudless or offer only uninteresting clotids
AlsO note that morning and afternoon sessions may observe very different types of

clouds. Cloud observaton schedules should be sensitive to these Conaerns: requining

sUidents to observe couds early in the marning and before sunset can offset e

Jictable danly patterns

ctivities

[ Take students outside to discuss, view, dnd identify current cioud fomaton
Reviewy weather associated with the current formation

]

cloud tomiies chart, ook et )

6 Day 2: Organmize Groups mto rotdatirig

T ACLess matenals for each activity

Reviewy cloud famihies viar satelite images using shdes or teles

Review directions tor assignnent - see Cloud Famiies workshieet

Divide students into graups of four [Cooperduve leaing groups

Lo Day 1: Have students plan/outhne in thei Groups Doss ey Wil cnjeesse iy

Mowrin 4B g

NS SO AL e gronapy e e oot

1

;o Day 2-4: Hove groups rotate stations and Complote oo ovities
Y Final Day: Diplay and have groups nresent their inal project:
Questions:

FooWhat clotid tpe s ot Do assoctated wath thander

)

3o hat dletid type s assocnted wath
i

Extensions:
I Require oider stidenta to breg

S Adddoad yrbotbs s e
2

b
t

ot charty

References:
Foehl Thome g, Ve Frorm oy (Ot
[T A P Y L T R R T

(oY

S b SEOeDTS COPATe DEOVIOUS S COEST Lo et ey

What cload type s made ap obice crystals?
four weather
Comparedcontoet aosatelite image and around amoge st the

ENTARI 1 ‘:

ot fanlies into spechio cbaied e,
tonabcientition i the g,
Vb hwe stciento obtan real dletas ond record dotes on e cionacd o et S e e
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CLoubp FAMILIES
STUDENT WORKSHEET

bjectives:

1. Todenufy and describe the four major cloud families: high, muddie. fow, and
verticedly developed

/o Toconstiuct o display identifying coud famihes

riteria:
c I Fach apoun st construct o display identifyine the magor diouid famimes bigh
nvcdefie, dos, and vertcally developed

Focty cioad tamuly must includee the foilovwang

¢ Cooud family name

Lo Imoto or magazine pictuire of vach doud farmuly afrom Earth ook ing g

¢ Satelite imade of each cioud family with the clodd dentfied tfrom space
iaking downj

A bnet desciption of each of the doud famibies that mcludes by el vesther
dassotiated aith the doud family

A5 moden of cach doud family using cotton

3 bachidniioy must
o Buetited
Do Have Gron members identified
Boccurate

b reat/oeacttal

[PRT2 R FNANE I ARSI T}

Location Cloud Type | Description |Satellite Name |Ground Image| 3 Dimensional | Type ¥ .ather

High

Middle

Low

Vertically
Developed
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little thunderstorms

cumulus congestus or towering cumulus
mid-level, vertically developed clouds

g 71 NOAA TG March 28, 1994
mrage courtesy of G Chiester, Stthsonian Inatitgion Albw et fanete o
Pianetanom




fiqure 71 NOAA 10, March 28, 1994
e courtesy of G Chester, Smithsonian Institution. Albert Fins 0
Monetanum




figure 77 NOAA 1O March 29, 1994
N0 Copttesy of Oy Chester Smuthsonian Inshite on Albert £invtomn

Planetorgm




Ciron edaes of thunderstorm

fograre 700 NOAATO NMareh 29 1994
Maqe couttesy of G Chester Stuthsonian stitution, Albert Finstein
Pyt

-
‘-




figure 73 NOAA 10, January 10, 1994
IMade courtesy of G Cheser Sothsengn inshitation Atheat b ten
Planetaram




figure 7 3¢ NOAA 10. January 10, 1994
iMmace courtesy of G Chester, Smuthsomnan Institution Ajbert £aaate
Planetanum
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fiqure 740 NOAA T May 27 1992
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CLouD IDENTIFICATION

Authors:

Angeline Black, Kenmoor Middle Schcol, Landover, Maryland
Renee Henderson, Forestville High Schooi, Forestville, Maryland
Karen Mattson, Ballenger Creek Middle School, Frederick, Maryland
Allen White, New Market Middle School, New Market, Maryland

Grade Level: 6-8

Objectives:

I “Students will become familar with dentifying clouds on satellite iImages

2 Student will be able o predict weather using satellite images, weather maps, and
other weather data over a series of four days as a low pressure drea passes north
of south of two predetermined locations

Rationale:
TG assoctate doud types and sat-tite images of douds with daily wedther patterns

Relevant Disciplines:
Earth and space science, meteoroloqy. computer saence

Time Requirement:
One 40-50 minute penod

Image Format:
AR

Prerequisite Skills:

Students should be able to

I Identity doud types they can see from the satellite images,
2 ldentify typicai weather associated with cloud types,

3 ACCess a satellite image from the computer hank, @nd

4 Idenufy cloud types associated with fronts

Vocabulary:

At pressure (millibarZinches), douds {alto, arrus, cumulonmbis, cumulus, NIMPostr Atus,
Jratus). cold front. erosion. preapitation, stationary frort. temperatise, warm front, wind

Matunaiz,

I Senes of satelite mages for four ¢ nsecutive days stored in a computer bank, or

i notagraphs of visible and nfrared satellite images for foar consecutive deays

/ Cloud identification chart

3 Cloud Identitication student worksheet

3 Newspaper weathier maps for four consecative days ot g video of four consecutive
days of weather maps from the Werher Channed

Preparation:

Before heqmmng the student activities theanstroctor should

I Obtanvisble an Dintrared satelite images and nevospaper or televison weather
miapt on video fofour consecutive days Theamadges and sweather maps shouwtbd
show 1 typicai - omme doud formation, and

2 Label foint Ao the north of the 1w pressure area on the images and maps, - and
Lahe! point B 1o the south of the low pressure ared on the images and maps

191




ctivities

I With student discussion. the: teacher will model the current ddy’s wedther eiative:
to the previously identified locations {point A and point B).
4 Display the satellite image of current day on the overhedad/computer screen
b Discuss the current days weather associated with cloud types
¢ Relate the current days newspaper or a video of a television weather iy g b
me satelhite image

Z  Dwvide students into groups [cooperative learning)

30 Distebute Cloud Identificat.. nworksheet, review the direction, . angd bone ot e
compiere the worksheet
S Discuss and draw hypothesis about four consecutive days of satellite gy
I Have the douds moved?
S Have douds dissipated or have more clouds develeped?
3 What kimdds of douds are at pomnts A and B?
4 What type of wedther currently exists at pomts A and B/
Do Distnbute wed™ner maps or sShow weather maps saved on video tor s oo
recttive den s HOw does the actal weather relate To your Dypethess e
Vo dncssed e satelhte imeages?
C Hve stadents working in groups, complete the Cloud Identfe gticon oovs e "
A D sy rends observed aver The four conse ative deys that sLere ol o
Trsatditean e s and on the weather maps
PSS eV, DOSSIEe TeSPONSES T the Wworkshieet
Extension:

This actiity con be completed in cooperative groups o ds g v hole s ol s o
sOMIe tedeNers Mo vant students to wnte therr responses for graded evoaion

Fooyou are e iving at point B
2 Hovsaotid the weather affect your arops over the foor cfgs !

Do Wanid vou be concernec about surface erosion of yogr fieidds oo e
Foar oy penod? Why o why not?
co Mo swoudd your farmming ocavities b afocted?

o Coreparedoont ast thie affects of the sse ther on e e oo 8 o b

Sr s pLmnIngG  Camping tip to point A
ety seonld be the best for o g
DeoERar type ot ciothine shoald yorg take?
‘ P o el e carnpan L taties (b SICCPNII e e e

bt comte et peatts A b B e oy RN U AT AT S W TR I A L BT SRR LE

References:

Caong bdentidfio oty bty
The Keathers © b
Lorabor national newspapeny

Q
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CLouD IDENTIFICATION
‘ WORKSHEET

air pressure:

DAY 2
Cloud type:

Weather conditions:
precipitation:
wind:
speed/direction:
front type:
temperature:
air pressure:

DAY 3
Cloud ty; e:

Weather conditions:

precipitation:
wind:
speed/direction:
front type:
temperature:

air pressure:

DAY 4
Cloud type:

Weather conditions:

precipitation:
wind:
speed/direction:
front type:
temperature:

air pressure:

name
Point A Point B

DAY1 i DAY 1
Cloud type: \ Cloud type:
Weather conditions: i Weather conditions:

precipitation: | precipitation:

wind; wind:

speed/direction: speed/direction:

front type: front type:

temperature: i temperature:

air pressure:

DAY 2
Cloud type:

Weatiier conditions:
precipitation:
wind:
speed/direction:
front type:
temperature:
air pressure:

DAY 3
Cloud type:

Weather conditions:
precipitation:
wind:
speed/direction:
front type:
temperature:
air pressure:

DAY 4
Cloud type:

Weather conditions:
precipitation:
wind:
speed/direction:
front type:
temperature:
air pressure:




figure 75v. NOAA 10, March 28, 1994

visible image courtesy of G- Chester, Smuthsonian Irstitution. Albert Finstein
Planetanum

Note See figure 71 (page 175) for ademonal information abont figores 25y . and 76




figure 751. NOAA 10, March 28, 1994
infrared image courtesy of G. Chester, Simithsonian institution,
Albert Einstein Planetanum
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figure 76v. NOAA 10 March 29, 1994
visible image courtesy of G Chester. Smithsonian Institution,
Albert Einstein Planetarium

Reter tofiqure 772q0 page 178 tor additionat intormation aboath this imaacge

Reception of satellite amages s often affected by local sources of nterferend e
noise On satelite images, intetference typically appears as Rorzontl STHPeS, s n
thisimace Commaon sources of nterference are household appliances, motors,
(heating and cooling, vecuum ceaners, ete ), tadio andd e aft transnussions,
Autamobtosand Huotescent lghts The bugher the frequency, thie Tess soscephibie
TDe TeCen NG Corapment 1 to nome fgeostationary reception s less attected tin
protat orbing sateiiite reception)




figure 761, NOAA 10, March 29, 1994
infrared iImage courtesy of G- Chester, Smithsonian Institution,
Albert Eainstem Planetarium

BEST COPY AVAILABLE
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CLASSIFICATION OF CLouD TYPES
THROUGH INFRARED APT IMAGERY

Authors:

Stu Chapman, Southampton Middle School, Bel Air, Maryland
Bili Davis, Du\ al High School, Lanham, Maryland

Tony Marcino, Margaret Brent Middle School, Helen. Maryland

Grade Level: 5-8

Objectives:

Students will be able to:

1. Use statistical methods to analyze and display direct readout APT infrared (thermal)
imagery;

2. Communicate experimental procedures through mapping and computer simulation;
3

Classify clouds into three types according to the altitude of the cloud tops using
infrared APT imagery photographs, and

4. Use cloud classification data to predict possible locations where precipitation may
be forecast.

Science Thinking Skills:

Categorizing, classifying, constructing, contrasting, decision-making, defining, describing,
discussing, generalizing, identifying, identifying the main idea, justifying, observing, orga-

nizing, sequencing, summarizing, visualizing

Relevant Disciplines:
Earth and space science, geography, matherr.atics, art

Time Requirement:

Three science pertods on successive days:

day 1 - warm-up exercise, classifying clouds

day 2 - classifying clouds on infrared APT images
day 3 - simulating computer imaging software

Image Format:
APT infrared imagery

Materials:

1. 35 mm shides depicting at least nine major cloud types. If slides are .navailable,
substitute textbook picrures.

2 Four to five sets of cloud cards displaying various cloud types and classifications
{pages 199-201).

3 Student worksheets and Cloud Type Survey, U.S. outine map. one student scanner
map. and the computer simulation worksheet, all enciosed

4 APT groundstation(s), images obtained via internet, or photographs of satellite

Images.

One infrared APT image of the local geographic area - large enough to display

to the whole class - which clearly displays local topographic surface features

[such das the Great Lakes), and All three of the major cloud types das classified by

height

6 APT infrared images - at least three per group - Showing at least two of the mejor
cloud types {high, middle, low). These may be supplied on disks, for available
giound stations, or as photographs of satellite images

[l




Preparation:

Prior to the first lesson, divide the class into cooperative working groups of four or five

and have each group cut out a set of six cloud cards (included). Each card will display

the following information:

1. Picture of the cloud with its name

2. Altitude range (0-2 km, 2-6 km, 6-12 km) for each type - some altitudes may be
supplied in meters or feet to encourage student conversion of units

3. Composition of the cloud (water, water and ice, or just ice)

You may want to add to the cards provided by making additional cards for altostratus,
altocumuilus, cirrostratus, cirrocumulus, and nimbostratus.

Reference:
Berman, Ann E. Exploring the Environment Through Satellite Imagery.




BACKGROUND: CLOUDS

Clouds may be classified by shape, content, or cloud height. For day . students will
classify clouds by height, based on the appearance of cloud types in the polar-orbiter
imagery. Infrared imagery is thermally sensitive, so areas of different temperatures dis-
play as different intensities on a gray scale {white is coldest, black is warmest, middle
temperatures are shades of gray).

The two basic shapes under which clouds may be classified are:

stratus - layered and sheetliike and cumulus - puffy and heap-like

Many clouds exhibit combinations of both traits. Cioud content may include water
droplets only, a mixture of water and ice, or just ice. Cloud heights are generally
described as low {under 2 km), medium (2-6 km), or high {6—-12 km); these are aver:
age cloud heights for the mid-latitudes.

The temperature of the atmosphere generally decreases with height. The rate of
| decrease in air temperature with elevation 1s called the environmental lapse @ ate An
| average value for this lapse rate is about 7 degrees Celsius per kitometer The direct
| relationship is adiabatic (page 48)-—moisture helps control and decrease temperature

| In an ‘nfrared (thermal) image, temperature provides a quantitative measurement of
| cloud top temperature with the coldest areas appearing to be the brightest. Low-level
clouds, which are closest to the ground and therefore the warmest, appear dark gray
and may be hard to distinguish from the ground. Mid-level clouds appedar in medium
(brighter) shades of gray due to their cooler temperature. High level clouds. the cold-
est, appear very pale gray or bright white on thermal images. ‘

If you have an APT groundstation, you may wish to demonstrate how iImage process:
iNg can be used to help identify areas of differing temperdture. Each pixel in the image
represents a temperature value. Stretching the pixels {increasing the contrast) will make
temperature variations more discernible. Students can readily see how the tops of
cumulonimbus clouds appear dark on a white background, though they would
appear all-white without the software manipulation of the image

figure 77.

| 12 km High Clouds

i . These clouds are generally found between 6 and 12 kilometers. Composed primarily of ice. they
appear bright white on infrared imagery. Two examples are towering cumulonimbus and cirrus
Cumulonimbus appear as bright white splotches and are often associated with thunderstorm
activity. Cirrus clouds appear as bright white streaks  as If they had been painted by a brush

Middie Clouds

Heights are generally between 2 and 6 kilometers. On infrared images. they appear as a lighter
shade of gray than the surface or low-level clouds. Two examples are a*ocumulus and attostr tus
The former will have a mottied texture while the iatter will appear more sheet-like Be aware that

the middle level clouds are usually the hardest to determine because they are often shielded by
higher level clouds.

| : L B km
‘ H

1 Low cloude

; Heights generally do not exceed 2 kilometers. Two of the lowest clouds are stratus and fog On

| 2km the )mage. they appear a uniform dark gray shade and lack any texture Often they are hard to

distingutsh from the ground tecause of similarities in temperature and the resulting simtanty of
tt n gray shades.
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CLASSIFICATION OF CLouD TYPES
THROUGH inNFRARED APT IMAGERY

ctivities
Day 1 - Warm-up

Explain to the students that you will be assessing their prior knowledge of the charac-
teristics of cloud types. To do this, you will show them slides or illustrations of various
types of clouds. Be sure not to present the clouds in any sort of order. Describe each
cloud as you present them with phrases such as “puffy or heap-like™ for cumuliform or
“layered or sheet-like” for stratiform clouds.

«  After all shdes have been viewed, assign each cooperative group to o workstation
Aand distribute the set of index cards with the cloud information. Instruct students to
clenssify the cards into two or more groups, hased upon criterid they choose.

« After each group has completed their dassification, have them shiare therr dassifica-
non crterid with the class.

«  Have students answer the first two questions on the worksheet, Classifying Cloud
Types Through Infrared APT Imagery. After they have answered guestions (1) and
(2], explain to students that they will c.assify clouds on the basis of their cloud
height because the imagery provides temperature information which is directly
related to cloud height. (Cloud temperature decreases as the dltitude increases. )

darcd atmosphere data provided on their worksheets to make a graph of the
decrease in temperature with aititude. These temperature differences can be
detected on infrared photographs. They should sketch the different cloud types
found in each of the three fayers, described «s simply low, medium, or high on
therr Cloud Type Survey. Their completed should resemble figure |

‘ = Tosee how the temperature varies with cloud height, ask students to use the stan-

Display one infrared APT image - large enough for the entire ¢lass to see - that con-
Lans examples of alt three coud types as classified by height

Point out the relatively dark and warmer surfaces along with the familiar geodraphic
feature you've induded (such as the Great Lakes, Chesapedke Bay estudry, or the Beya
peninsula) 1 you are workimg with an imagde at an active qrouand station, use the
IMAGingg software to reveal surface temperatures At vanous pomts on the image. Then
pomt out the lowy, middle. and high doud types anc ther sesutting appearance on APT
mfraned imagery

Q
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Day 2 - Classifying clouds on infrared APT images
For procedure, see student worksheet entitled Cloud Classification. For the answer to
guestior: 1, see st paragraph of Background: Clouds

Day 3 - fimulating Computer Imagining Software
rocedur * on Day 3: Activities, student worksheet titled Computer Simulation, and
student scanner map, included.

12 km

6 km

2 km

fiqure 78

(e

\

-40

temp. C




CLASSIFYING CLouD TYPES THROUGH
INFRARED APT IMAGERY

name

Your teacher will provide your group with a set of cards containing information about clouds. Lay each card on the desk.
Look at the illustrations of each cloud and the information contained.

1. Divide your cloud cards into at least two - or more - groups based on the informaticr and pictures with which you have
been provided. Give each of your cloud-groups a name. How did your science group classify the clouds? List each
group and describe how your group made its decisions.

2. Name some other ways that the same clouds could have been clasvified. Do you think any one way of classification is
better than any other? Why or why not?

3 The temperature of the air in the atmosphere changes with its altitude above the surface. Your teacher will provide you
with a worksheet entitled Cloud Type Survey. To understand how this change occurs, plot a graph on the worksheet that i
indicates air temperature at several different altitudes. Assume that the temperature of the surtace is about 15 degrees ’

Centigrade (about 59 degrees Fahrenheit) Use the data provided in the table, standard atmosphere. altitude and
. temperature. to plot your graph

ERIC |
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name
altitude in meters E temperature® C i
0 T 15 i
1000 - 85
2000 ‘ 2
3000 : 45
» 4000 o 1
" 175
6000 L
! 7000 -30.4
8000 7 369
T e _.43!_1.
10000 o -49.9
o0 514

Table 1. standard atmosphere, altitude and temperature

et e i

3a. Using the graph you have plotted. estimate the temperature of the air at each of the following altitudes:

a. 6,500 meters

b. 9.5 kilometers
c. 1,250 meters

d. 0.5 kilometers

e. 1 mile (5,280 feet) [1 meter = 3.28 feet}

4. The Earth's atmosphere is believed to extend to about 120 kilometers (120,00(: meters). Using the graph you have
constructed. explain in your own words how the temperature of the air is related to the altitude. (hint: Do you have
eniough data from your graph to answer this question with certainty?)

5. On the left-hand section of the Cloud Type Survey. sketch at least two of the different kinds of clouds which can
be found in the low, middie, and high levris of the weather-producing part of the atmosphere (the troposphere)

O ‘ EL\‘E




CLouD TYPE SURVEY
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CLouDp CLASSIFICATION

Your group will be provided with two or three polar-orbiting satellite
images and a corresponding number of US outline maps. If you
have a ground station, your teacher will help you locate images
stored on the computer. Use the following criteria to help you in
your classitication of clouds.

L _ 12xkm HIGH CLOUDS

These clouds are generally found between 6 and 12 km. They are composed primarily of ice, and
appear bright white on infrared imagery. Two examples are towering cumulonimbus and cirrus.
Cumulonimbus appear as bright white splotches, and are often associated with thunderstorm activity.
Cirrus clouds appear as bright white streaks - as if they had been painted by a brush.

MIDDLE CLOUDS

... 6&km Heights are generally between 2 and 6 km. These appear as a lighter shade of gray than the surface
or low-level clouds on infrared images. Two examples are altocumulus and altostratus. The former
will have a mottled texture while the latter will appear more sheet-like. Be aware that the middie level
clouds are usually the hardest to determine since they areoften shielded by higher level clouds.

L 2Kkm LOW CLOUDS
Heights generally do not exceed 2 km. Two of the lowest clouds are stratus and fog. On the infrared

w image, they appear in a uniform dark gray shade and lack any texture. Often they are hard to
distinguish from the ground because of similarities in temperature.

a. Atthe top of one of your outline maps, write the name of the satellite and its pass date - information
shown on the computer screen or provided by your teacher.

b. Work with your group members to determine the positions of low, medium, and high clouds on the image.

¢. Use a color code and color in 'portions of your three maps as follows:

dark color low level clouds. identify them by name on your map 1
gray mid level clouds, identity them by name on your map \
red or yeliow high level clouds, identity them by name on your map i

d. Repeat this process with each map and image.

1. Inthis activity, clouds are classified according to height (low. medium, high). Why is this classification method used
instead of another?

2. Arethere any areas on your maps where precipitation may be occurring? Which map. and in what states?
How do you know?

3. Sometimes the images can be processed by computer software. One of many possible enhancements of an image is
called stretching (increasing pixel contrast). You have probably seen stretched cloud images by a weather forecaster
on television. To illustrate the process of stretching. choose a colored pencil which has not been used in your color
code, s.'ch as blue or green. On one of your maps, color over all of the mid-level clouds with your blue or green pencil.
Using the graph you made yesterday, what temperatures correspond to the areas that you have stretched?

ey
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Name: Cumulus
Altitude: <2 km

Composition: Water

Temperature: 5° to 15°C
;{f—r{
U
«{;{:/M“ =y ’
M }

Name: Fog
Altitude: < 5000 ft.
Composition: Water

Temperature: 10° to 20° C |




Name: Stratus
Altitude: <2km. o
Composition: Water

Temperature: 5°to 15°C

cf*‘\ M___,
m\ e

Name: Cirrus
Altitude: < 6 km.

Composition: Ice Crystals

Temperature: -50° to -60° C




Name: Cumulus congestus
Altitude: 6 km
Composition: Water

Temperature: -10° to -20° C

Name: Cumulonimbus
Altitude: 12 km
Composition; Water and ice

Temperature: -50° to -60° C
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SIMULATING COMPUTER
IMAGING SOFTWARE

ctivities
Day 3

In this exercise, the method for producing a satellite-generated image will be studied.
The concept of computer enhancement will be introduced, but instead of using a
computer, the student will generate an image on a piece of graph paper superim-
posed upon a map of the eastern U.S. seaboard.

Students should imagine a broadcast of infrared data from a4 NOAA satellite on a
descending orbit from the North Pole in the morning hours. An area is observed by the
satallite as a series of temperatures, the information is encoded, and sent as radio sigJ
nals. When the signal is received by an Earth station. the radio sigriels are decoded
and displayed on a computer monitor. The image (this is not a photodraph) produced
is «ictually made up of thousands of tiny squares called picture clerments or pixels.

Each pixel is assigned « number value betwveen 0 and 255 The number assignments
are determined by the temperatures that were medsured by the NOAA <ateliite sensors
during its pass. In this system.

0 represents pure black (warmest|

255 represents pure white (coldest)

all values in between are shades of gray.

The value of each pixel s electronically transferred s a byte. A byte s a unit of eight
Bits of data or memory in microcomputer systems. Bitis o contraction of binary digit,
which 1s the basic element of a two-element (binaryj computer langudge.

Provide each student with:

s o Computer Simulation worksheet

» the Scanner Map Shading Chart

» 4 Student Scanner Map composed of 26 squidres by 34 ines to represent 884 pixels

Students will use colored pencils to shade i edach square [pixel) accoiding to the sug-
gested color code on the map and on the shading chart. They should roce therr stert
and completion times to endable them to cdlculate ther rate and compare it with a
NOAA sateliite rate. It is important that they shade in one row of the image at a time,
beginning at the top, since they are simulating «a satellite descending from the North
Pole. When the image is completed (p 207) students should observe the fanuliar geo
graphical features of the United  States with @ large cold front and its assodidted comme

cloud formation over the Ohio Valley. A comme doud is 4 band of cumuliform douds
theit 100K ke ¢ COmmi 0N « satelhite imacge Make severai treansparency copies of the Feast
Cuast Map on the preceding page to help students locate the weather patterns

Answers for Computer Simulation Workshieet

I 640 pixels x 480 pixels = 307 200 pixel,
2 29 pixels x 36 pixels = 864 hytes = 6917 its

Answer faor extension

. The bindary code equvatent of 80 01010000

[»]
4 f
A~ P
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COMPUTER SIMULATION

.........

NaMe e e

morning hours. The observed image must be encoded and then sent as a radio signal. The entire
image seen is actually made up of tiny squares called picture elements or pixels.

The brightness of each pixel is assigned by a number value between 0 and 255. In this system,

i S U

0 represents pure black (warmest) .

255 represents pure white (coldest) | | tpixel = tbyte = 8bits |
| i .
*} all values in between are shades ! ‘ 1 pixel is electronically transferred as 1 byte

of gray b 1 byte equals 8 uits of data !

1. The APT images you have been working with are rectangular, 640 pixels wide by 480
pixels long. How many pixels compose the image? __ _ .

2. Pretend that you are a computer that will analyze several bytes of information. You will
be presented with a table of 24 x 36 pixels. How many bytes of data is this? . ...
How many bits of data?

To determine your transmission rate per minute, enter your start time.

3. Shade the figure according to the information on page 205. When acquiring an image
from a NOAA satellite in descending orbit, the satellite image will appear one line at a time

from top to bottom. That is, all 26 pixels in the top row are colored in first. Then the second
row is completed, and so on.

Write the time when you completed the shading. .

4. What is your bit rate? (How many squares--pixels—could you fill in per minute multiplied
by eight bits per pixel.) __ .

5. NOAA satellites transmit data at 120 lines per minute. How does this compare with your
personal transmission? Remember, you have 34 lines by 26 pixels.

6. What cloud patterns might be detected from your observations?

7. From your map. can you determine if any precipitation might be occurring?




SCANNER MAP SHADING CHART

Shade the scanner map as shown in the box below.

Decimal Equivalent Temperature Range Color

0—45 >15°C black

‘ |
}
E 46-90 ! between 10° Cand 14°C | dark blue
1 i l
| I
| |
i‘ 91-135 between 5° C and 9° C I light blue
| |
| B I
| |
‘ " 136—-180 | between 2° Cand 4°C ;‘ orange
| |
| | |
l{ 181-225 between -22° C & + 1°C l yellow |
| |
} 131-255 colder than - 22° C \ white
| | |
o - S




STUDENT SCANNER MAP
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COMPLETED STUDENT

SCANNER MAP
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EXTENSION

How does the computer know which number (0 to 255) is
being encoded? It receives the information in the form of
computer information storage calied a byte. The byte
itself is actually sent as @ number in binary code - =1
the binary system describes all numbers with combi- ;
nations of 0 and 1. Each digit of the binary code is
called a bit. So each bitis eitheraQoral.

Examine the chart below and you will see that the binary number code system Is very
much like the decimai system that we use, except that ones, tens, hundreds, and thou-
sands places are replaced by ones, twos, fours, eights, sixteens, and so on.

figure 80.
128 | 64 | 32 | 16 8 a | 2 | 1 place
LA 1 1 1 1 1 1 1 = 255

0 0 1 0 0 1 0 1 = 37
o 0 0 0 0! 0 0 0 = 128
o 1 . 0 0 1 0 | 1 1 =208 |
SR ] T i ’
? |

The example above shows how only four of the pixels in a picture are encoded. Each
of the three signals is called a byte, composed of eight bits.

In the bottom row (or byte], see If you can provide the binary code which would
provide the value of 80.
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NOAA 10, March 28, 1994

nfrared image courtesy of G Chester, Snuthsonian Institution,
Alhert Finsten Planetanium




little thunderstorms

cumulus congestus or towering cumulus
mid-level, vertically developed clouds

fiqure 81a. NOAA 10, March 28. 1994
Image courtesy of G. Chester, Smithsonian Instiiution, Albert Einstein
Planctanum

Visthle image - counterpomt to figure 81

Imeacges on computer will more clearly display temperature gradients and faciate
assessment of the infrared imeage




figure 82.  NOAA 10, March 28, 1994
infrared image courtesy of G. Chestern Smithsonian institution,
Albert Einstein Planetarium
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Ci on edges of thunderstorm

fiqure 820 NOAA 10, March 28, 1994
Image courtesy of G. Chester, Smithsorian Instituton, Albert Einstein
Planetanum

Visible image - counterpoimnt to figure 103

Images oncompute - vill more cledrly display temperatare gracients and fociitate
Assessmoent of the mtrared image
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A COMPARISON OF VISIBLE
AND INFRARED IMAGERY

Authors:

Stu Chapman, Southampton Middle School, Bel Air, Maryland
Bill Davis, DuVal High School, Lanham, Maryland

Tony Marcino, Margaret Brent Middle School

Gr:.de Level: 5-8

Obje:tives:

Studen ‘s will compare APT visible and infrared imagery to demonstrate:
1. Organizing and presenting data; and

2. Interpreting evidence and inferring.

Relevant Disciplines:
Earth and space sCience, geography, art, oceanography

Time Requirement:

At least two science periods, one for lab, the other for assessment Additional lab time
may be provided to ensure student success.

Image Format:
APT, visible-infrared image pairs

Materials:

1. World atias

2. Student worksheets, including outline maps of the areas described below

3. Colored pencils

4. APT visible and infrared images in parrs, large enough to display to the entire class,
or as slides for prnjection

5. APT image pairs of visible and infrared images of.
»  Fastern USA containing low, middle, and high clouds

» Southern Great Lakes region - preferably images recorded from an evening
pass during the summer months

»  Gulf stream area - preferably taken during the winter months
» Assorted images for assessment. The images should include several cloud

types in thermal and visible images, as well as other objects such as a gulf
stream on an infrared image

note: These images may be supplied as prints if an Earth station is not avallable

Advance Preparation:
I Dwvide the class Into coopt rative groups of at least 4 students
2 Prowvide each aroup with at least three image pairs (infrared and visible images)




ctivities

Warm-up:

Place a visible-infrared APT image pair on the screen for the entire class to view. The
pair should contain at least two of the differences between the types listed in the
Teacher Background, which can be readily pointed out to the students. Explain, using
specific examples, some of the differences between infrared (IR] and visible imagery.

Procedure:

Pass out the visible-IR image pairs (listed under materials) to each cooperative group.
Hand out worksheets. Ask students to examine the images and determine which are IR
and which are visible. After students confer, you may wish to check with each group
before allowing them to proceed.

As you wadlk about the room to monitor the students’ success, the following points
about the images will be helpful:

I The warmer waters of the Gulf Stream will be readily distinguishable from the
colder waters of the North Atlantic on the IR image. This differentiation will not be
noticeable on the visible iImage.

2. Clouds will look white on the visible image because they show reflected sunlight.
Shadows will be readily apparent. if the shadows point westward, it is a morning
Image (sun in the eastern sky|. If the shadows point eastward, it 1 an evening
image (sun in the western sky|. Clouds on the IR image will appear in differing ‘
shades of gray depending upon their temperature (related to their height).

3. Aluly IRimage of a hot day will easily distinguish cities from their surroundings
The warm asphalt and concrete arc radiating more infrared energy than the sur-
rounding vegetation. The following are some of the cities that should be easily dis-
tinguished by students—with the help of a student gazetteer {4 hook containing
geographical names and descriptions). This list is applicable when using imagery of
the Southern Great Lakes region.

*  Detroit, Michigan

*  Milwaukee, Wisconsin
* Toledo, Ohio

* Indianapolis, Inciaina
»  Dayton, Ohio

= Columbus, Chio

= Fort Wayne, Indiana

4. On the following day, you may wish to give your students an assessment of their

individual ability to identify visible and mfrared images. Student instructions are on
page 218 Using additonal image pAirs and practice will Nelp ensure ther success
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BACKGROUND: APT IMAGERY

National Oceanic and Atmospheric Administratiori !NOAA} polar-orbiting satellites
provide both visible and infrared imagery of Earth in a low-resolution format
called Automatic Picture Transmission (APT). Some ground station software

is able to display both types of images side-by-side, greatly enhancing
the comparison process.

[
The visible images display see-able AT i
topography, and are dependent NSO
upon sunlight to illuminate features. S éle é-:-
Consequently, it is productive t Na"AAYNA
e ° NS
acquire visible images only during day- y—C

time. Only visible images contain shad-

ows. Those shadows fluctuate with the time of
day-—shadows early and late in the day will be
more pronounced than shadows in mid-day images.

Infrared images display gradients in temperature, with the warmest temperature
appearing dark gray or black, and the cc dest temperatures displayed as very pale gray
or white. Infrared images are not limited by daylight, and provide equally informative
images at roon or midnight. Large urban areas will appear on the image as a dark
spot — inaicating the concentration of concrete and other building materials that
retain heat, as well as heat-producing inhabitants {people, cars, utilities, etc.). Such an
area is called a heat island and is distinguishable from less developed areas that more
quickly react to nature (heating up during daylight, cooling off at night, etc.}.

The dominant feature in each image will be clouds.

* In the visible image, almost all the clouds will appear bright white—because
reflected light is being observed.

* Inthe infrared image, the same clouds will appear as varying shades of gray
depending upon their temperature (determined by their altitude above the Earth).

* Shadows appear only in visible images.

» Another distinguishing feature between two types of images is that shades of gray
may appear in infrared images where little or no contrast is seen in visible images.
For example, an imege pair of the North Atlantic in winter will display far more
shading of the Gulf Stream meshing with the cold Atlantic in the infrared image,
than will the visible image.
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COMPARING VISIBLE AND
INFRARED IMAGERY

tudent Activity Worksheet
S, name

B B

1. Your teacher provided your group with three pairs of APT images. Work with your group to
determine which of the pairs are visible and which pairs are infrared. After class discussion,
write some of the differences between visible and infrared images.

2. Find the image pdir of the Eastern seaboard. Locate some specific geographic features such as
capes, bays, estuaries, or peninsulas. Use your world atlas to help Write the names of some of
the features you have located.

3. On your infrared image, you should be able to easily see the warmer waters of the Gulf stream
On your worksheet map, color the waters of the Atlantic ocean light blue. Use a dark blue
pencil to draw In the location of the Gulf stream, based on what you see in the infrared image

If you have a direct readout ground station, have your teacher show you how to
determine the temperatures of the water in the Gulf stream and the water sur-
rounding it. Place these temperatures in several locations on your map.

4 Now locate the image pair which shows the mid-Atlantic region. The clouds on the visible
image should appedar mostly white, while the clouds in the infrared image dre vdrious shacdcs
of gray and white, depending upon therr temperature. On the infrared immaqge, the whites
Clouds are the highest in altitude (coldest) and the darkest gray clouds are the warmest
because they dre closest to the ground Mid-level clouds will appear as a variation between
gray and white, if they are visible at ol The whitest clouds dare the highest in altitude (coldest)

Use your map of the mid Atlantic reqgion and three coloted pencils to color in at least two different
regions. One reqgion should show the location of low altitude clouds ‘




COMPARING VISIBLE AND
. INFRARED IMAGERY

tudent Activity Worksheet

name

How does the appearance of the low-altitude clouds differ on each of the mid-Atlantic regions?

(92}

Which of the two images readily shows shadows? Locate some shadows on the image. Sketch
the clouds and their shadows on your map. What time of day <o you think this image was
recorded—morning or evening? (circle one)

Hint: Which way do shadows point in the morning?

6. Place the final pair of images in front of you, This should be a pair of images taken of the
Great Lakes region during the summer months. On your map of the Great Lakes region,

label the Great Lakes, using your atlas if necessary. On the infrared images, why does Lake
Michigan appear as o different shade of gray than Lake Superior?

7. The image you are Lsing was captured on « hot sumrmer day On the infrared image, dark
areas indicate regions of higher temperature. Locate the city of Chicago, llinois on your
infrared image. Why would Chicago dappear warmet than its surroundings?

8 How does the Chicago, Hinos ared look differentin the visible thann the infrared image?

9. Use your world atlas Find as many different atios s you can Mark those cities names and
‘ locations on your Great Lakes reqion map Can you find more than six?

Q

E
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COMPARING VISIBLE AND
INFRARED APT IMAGERY

lease complete each of the tasks individually.

1. Write the word visible under the visible itnage. \Write the word infrared under
the infrared image.

2. Locate a specific geographical location. This should be very general, such «s
Southern Asia or Northwestern North America. \Write the name of the area ot the
top of both images. You may use the atlas to help you.

3. Locate a region of very high clouds (low temperature) on your pair. Place o few
snowflake symbols | **k J on this region.

4. Locate a region of very low clouds (higher temperature). Mark on of these with an X,

Ul

Do either (a) or (b), depending on which fedtures Are available on YOUr 1mage

a. Identify a region of warm water (such as an ocedn current) and mark this
region with the words warm H,0.

b Identify a specific city on your infrared photo. Mark the namc of the iy directly
on the photo

COMPARING VISIBLE AND
INFRARED APT IMAGERY

lease complete each of the tasks individually.

I Write the word visible under the visible image. Write the word infrared inder
the infrared image.

2. Locate a specific geographical location. This shoutd be very general such s
Southern Asia or Northwestern North America Write the name of the areda at the
top of both images. You may use the atlas to help you

3. Locate a region of very high clouds (low temperatine] on YOUD A Place o ey
snowflake symbols | g3 | on this region

4. Locate a region of very low clouds (higher temperature) Motk on of these with an X

[Opd

Do either (a) or (b), depending on which feattires e available on vour j

a - ldentify a region of warm water (such as an ocean carrent] and mark thrs
region with the words warm H,0

b Identty a specific city onyour infrared photor Motk the nome of the oty i Hy ‘

on the photo.
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figure 84v. GOFS visible image. March 9, 1994
Imace courtesy of 0 Peters, Linganore High School, Fredenck, Mdaryland
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figure 84i. GOES infrared image, March 9, 1994
image courtesy of D. Peters, Linganore High School. Frederick, Maryland




low clouds (see IR image)
but appear to be high on this visible image mid- to upper lever clouds

figure 84a. GOES visible image, March 9, 1994
image courtesy of D. Peters, Linganore High School, Frederick, Maryland
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RiIGHT DOWN THE LINE:
CoLD FRONTS

Authors:

Gayle Farrar, Southern Middle School, Oakland, Maryland

Eileen Killoran, Glenelg Country Day School, Glenelg, Maryland
Stacey Mounts, Ballenger Creek Middle School, Frederick, Maryland

Grade Level: 8

Objectives:

Students will discover that a cold front 1s a boundary between air masses of different
temperatures by:

1. Using a table of cities with temperatures and correctly labeling a blank U.S. map,
2. Differentiating between the coolest and warmest cities, and

3. Utiiizing the satellite image and the map to draw in the location of the coid front

Relevant Disciplines:
Earth and space science, geography

Time Requirement:
One class period

Prerequisite Skills:

Students should have:

1. A working knowledge of air masses, and
2. A brief introduction to frontal systems.

Materials:

1. Classroom map of North America with states and cities

2. Satellite image of the United States, taken at the time (or same day] S an
approaching severe storm

3. Blank U.S. outline map

4. Weather page fror1 USA Today or other newspaper

5. Student activity sheet




ctivities

Warm-up:

. Think of a time a strong storm occurred. What can you remember about it? Write
Jown key words.

2. Now, pair with another student and share your “storm memories.”

3. Note similarities to share with the class.

Give students an overview of the task. Then:

»  Distribute blank U.S. maps

» Tell students to find the temperature for each city listed on the activity shcet.
Temperatures can be found on the USA Today (or other newspaper) weather page:

*  Onyour map, indicate the location of each city with its temperature. (Note: Be surc
you have cities on each side of the front and that temperature differences dare casily
distinguished)

= Circle the six coolest in biue, the 6 warmest in red

* Have the students work through the student activity sheet.

Note: The lesson warm-up for the following day could include o viewing of AM
Weather from public television or other weather forecast. Be sure to videotape it the
day of and after the storm




RicHT DowN THE LINE: CoLD FRONT

‘ name

tudent Activity Sheet period

date
Step 1:
On your blank map, locate the positions of the cities isted below, tise an Atlery if

needed. At the point on the map where each city 1s located, wite the temiperatire in
degrees Fahrenheit. Obtain the data from the newspaper

Cities:

Cincinnati, OH
Columbus, OH
Buffalo, NY

Richmond, VA

Albany, NY

Baltmore, MD
Cleveland, OH
Pittshurgh, PA

Naottolk, VA

Phadelphig, PA
Weshington, 16
Watmimggtan DI

Step 2:

o Circle the six coolest temperatutes with a blue crayon or ponci
b, Circle the six war™ st temperatures with d recd crayon or penicll
Step 3:

Look at your satellite image of the United States

uestions

‘ 1. What do you notice about the 1ocations of the Conlest aned wariest tonipactitines ?
< Why do you think the temperatures are separated the oy they cre

3 Now observe the satelite imdacge of the easterny United Stetes, toson i ore s
A4S the temperatures.

A Temperatures have been given for the vanous aties Accordinig tothe otelite
image, are there any atmosphenc feattres over these e
Describe them if anyi

Fothere anything sible on thie satellite photo e Breoe ieb e ot e de !
remperature differences? Descrnde

¢ Now sketeh this featare (frome By o your map ot the Lo Bt
‘ [y Th, fvﬂt!m'fw'rnx.irthnvhvuuutcryu! (AR RN ) O RO AN Ty L
o alled o
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figure 86. GOES, April 30, 1994
image courtesy of M. Ramamurthy, University of llinais,
Urbana/Champaign

.
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figure 86a. GOES, Aprit 30, 1994
image courtesy of M. Ramamurthy, University of Illinois,
Urbana/Champaign
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To SKI OR NOT TO SKI

Authors:

Gayle Farrar, Southern Middle School, Oakland, Maryland

Eileen Killoran, Glenelg Country Day School, Glenelg, Maryland
Stacey Mounts, Ballenger Creek Middle School, Frederick, Maryland

Grade Level: 8

Objectives:
Students will apply the interpretation of satellite imagery to a ‘real life” situation by:
1. Interpreting a satellite image, and identifying features {iand, water, snow) on
the image,
2 Compiling data for five potential winter ski resorts on a chart, and
3. Selecting the best ski resort site and supporting the choice with written statements

Relevant Disciplines:
Earth and space science, geography, economics, language arts

Time Requirement:
One class period

image Format:
Polar-orbiter image

Prerequisite Skills:
* Basic knowledge of how to identify features such as ice, snow, water, and mountains
on a visible satellite image.

Vocabulary:
albedo

Materials:

1. Globe and a variety of maps of North America

2. Satellite Image of the Great Lakes region (winter image, with snow coveryind
minimal clouds)

3. Student activity sheet

7




ctivities

Warm-up:

1. Think about what things must be present for a winter ski resort to be successful
(list individually).

2. Pair with another student.

3. Share ideas together with the class.

Give students an overview of the task:

Group cooperative learning

I You will be given a satellite image of an area of the U.S.
2. First, identify the region using maps and globes.

3. Identify specific features by name [numbers).

Individual effort

4. Examine the potential ski resort sites (letters) and complete the data table.
5. Select the best winter ski resort site and support your answer. (Note: responses may
vary with student abilities)

Extensions:

. What other features can you identify?

2. Can you name them specifically?

3. Give the latitude and longitude of each potential ski resort site.

Divide students into cooperative learning groups

~
0y

2 ![)




To SKI OR NOT TO SKI

. name _. ... . ... . o
tudent Activity Sheet period . .o s
date .o o e

Questions:

i This satellite image showsthe . . ... . region of the United States.

2. Identify the numbered features by name.

#1
#2 :
#3
#4
#5
Data Table:
‘ Winter COLORS POSSIBLE TERRAIN
Ski Site : , low NOTES
white black gray mts. | water | ice SNOW | |and
A
B
C
D
E




To SKI OR NOT TO SKiI

name __

tudent Activity Sheet

Conclusion:

I If you were financing the construction of a winter ski resort, which location world
you support?

2. Inyour own words, explain why you would support one ski resort over all the
others. Remember, your data table is full of information for you to use.. be specific!




INFRARED AND VISIBLE
‘ SATELLITE IMAGES

Authors:

Bob Mishev, DuVal High School, Lanham, Maryland

Wayne Rinehart, North Hagerstown High School, Hagerstown, Maryland
Lonita Robinson, Suitland High School, District Heights, Maryland

Nancy Wilkerson, Prince George’s County Public Schools, Maryland

Grade level: 9

Objectives:
Students will be abie to:

1. Distinguish between visible and infrared energy on the electromagnetic spectrum,
and

2. Compare and contrast visible and infrared satellite im«ges.

Relevant Disciplines:
Earth and space science

Time Requirement:
One-two class periods

Image Format:
Geostationary and/or polar-orbiting, visible and infrared

Prerequisite Skills:
Map reading, graphing skills
Vocabuiary:

crest, electromagnetic spectrum, infrared radiation, trough, visible radiation, wave-
length

Materials:

Map of United States

Graph paper

Textbook

Chart of electromagnetic spectrum
Visible and infrared satellite imagery

W —

o

ctivities
1. Plot values on Activity | to show waves of varying lengths. Identify parts of a wave
using vocabulary: crest, trough and wavelength.

2 Use textbook and chart to gather information on electromagnetic spectrum
Answer questions on Activity 2.
3 1 Jse infrared and visible satellite imagery to complete Activity
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THE ELECTROMAGNETIC SPECTRUM

1 km 1cm 10%°cm 10*cm 10°cm 10% cm 10" cm
i l i l 1 i |
1 | i i 1 1 1

Jd
n ) § — My o
Radio é %e ¢ \@

Microwave m
—1 Intrared Uttraviolet

Gamma ray

figure 87.

For hundreds of years, scientists believed that light energy was made up of tiny particles
which they called “corpuscles.” In the 16005, researchers observed that light energy also
had many characteristics of waves. Modern scientists know that all energy is both particles—
which they call photons—and waves.

Photons are electromagnetic waves. These waves oscillate at different frequencies, but
all travel at the speed of light. The electromagnetic spectrum is the range of wave fre-
quencies from low frequencies (below visible light) to high frequencies (above visible light).

telephone waves. These low-energy waves bounce off many materials including the ionos-
phere, a characteristic that enables radar applications. Radio waves are received and retrans-
mitted by satelites for long-distance communication.

‘ The radio wave category includes radio and television waves, and cordiess and mobile

Microwaves pass through some materials but are absorbed by others. In a microwave
oven, the energy passes through the glass and 1s absorbed by the moisture in the food The
food cooks, but the glass container is not affected.

Infrared or heat waves are more readily absorbed by some materials than ty, others. Dark
materials absorb infrared waves while light materials reflect them.

Visible light waves are the very smallest part of the spectrum and the only frequencies to
which the human eye is sensitive. Colors are different frequencies within this category.

The atmosphere protects Earth from dangerous ultraviolet rays from the Sun. Ultraviolet
and extreme ultraviolet radiation are absorbed in Earths atmosphere, although some longer
ultraviolet wavelengths {UVB] penetrate to the ground. UVB can cause sunburn and is
linked to most cases of skin cancer

X-+ays can penetrate muscle and tissue, making rnedicel and dental Xray photographs possibie

Gammaray waves, the highest frequency waves, are more powerful than X-rays and are
used to kill cancerous cells

Humans' limited senses are extended by technology. Technology that utilizes the full electro
magnetic spectrum enable the most comprehensive Investigation of Earth

this Jessan Contains excerpts from Astro 1 Seeind in o New Light, Teacher's Guede Withy Activities, INASA

Q 2: ')
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INFRARED AND VISIBLE
SATELLITE IMAGES

ctivity 2
Light and other kinds of radiation consists of Photons tht travel I weves

The Spectrum and You

Different radiaton wavelengths are part of your everyddy lite Wiite the name of the
wavelengthin the biank the way that it affects your lite

IOV, mfrared visible heght

ol e i oo Xorop,




ctivity 3

Visible Radiation
seen because of ight reflected from objects such as land, clouds, etc.

Light areas ndicate very reflective surfaces or colors; dark areas may be shadows, of
ndicate an area . refraction or the absorption of light.

Infrared Radiation
Seen because of the temperature or heat energy contatned N an object

Light areas indicate objects with lower temperatures while dark areas ndicate warmer
ar more mtense heat radiation.

Advantages/Disaavantages of visible vs infrared images

Visible Images Infrared Images
Dayhaght use only Day or night use
Students familiar Students unfamiliar

Use infrared and visible satellite imagery of same area to complete Activity 3. Divide
et image nte four quadrants.

‘ Visible Image | infrared Image 2

- ",_____T__._._l
A B T 2A 1 2A 11
|
: |
Y D ‘ 2A 1 2A ‘
uestions

I Wwhat distinguishing features can be identified?
g Insecnons TA and ZA?
b sections 1B and 287
o Insections 1C and 2C7
A Insectons 1D and 207

’
2oecd apon your knowledge of visible ancd infrared rackation adentify sectors thdt
Ve visibie orinfrared raciation

Do e nons 1D and 26 whiat differences ¢an be seen”

1 i ection 20, why do we see differences in shades of gray /
‘ Tty Mot oo Sotte e Pattorm  DMSEE L e o Vit by R LR A (N
C e s e ot e

Q
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INFRARED AND VISIBLE
SATELLITE IMAGES-PART 2

Authors:

Bob Mishev, DuVal High School, Lanham, Maryland

Wayne Rinehart, North Hagerstown High School, Hagerstown, Maryland
Lonita Robinson, Suitland High School, District Heights, Maryland

Nancy Wilkerson, Prince George’s County Schools, Maryland

Grade level: 9-12

Objectives:

Using weather sateliite images, students will:

I Identify areas of cooler or warmer surfaces on land and water;

2. Use currents to show some magnitude and direction of weather vectors
(movements}; and

3. Use water currents and cloud formations to identify some temperature differences.

Relevant Disciplines:
Earth and space science

Time Requirement:
-2 class periods

Image Format:
Geostationary and/or polar-orbiting, visible and infrared

Materials:
! Direct readout station or computer equipped to display imagery
2. Picture displays or a television that can interface with and display a computer screen

Procedure:

I Display model images on the screen or bulletin board with identifiable features of:
land masses, water bodies, clouds and/or currents.

2. Use a data display (liquid crystal display—LCD) or other display method to enable
all students to see imagery.

3 Entire class interacts with imagery displayed

ctivities

Hands-on student identification of:

* Land masses e g, Florida, Baja

= Water bodies e.g., Great Lakes, Chesapeake

* Cloud formations (small storms, thunderstorms, cyclones, hurricanes)
= Currents (air or water, jet streams)

Note. Some events, such as hurricanes, dre sedsondl TimiNg 15 ciitical when using real-

ume imdagery Developing an archive of files wall provide Hexibility

Extensions:
I Practice, practice, practice
2 Follow o storm. make prechic ions

FyYrt e

A’ s




figure 88.
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figure 89v. GOES visible image, March 9, 1994
image courtesy of D. Peters, Linganore High School, Fredenck, Maryland

Refer to page 222 for additional information aboat the muge
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figure 891 GOES infrared image, March 9, 1994
imace courtesy of D Peters, Linganore High School Fredence, Maryland
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UNDERSTANDING A THUNDERSTORM-
DEVELOPMENT THROUGH EXPIRATION

Authors:

John Entwistle, Damascus High School, Damascus Maryland
Carolyn Ossont, DuVal High School, Lanham, Maryland
Hans Steffen, Duval High School, Lanham, Maryland

John Webber, Aberdeen High Schooi, Aberdeen, Marylanc

Grade Level: 9

Objectives:

Students will be able to:

1. Identify the features, patterns, and stages of a thunderstorm, and
2. Explain how the thundercloud evolves.

Relevant Disciplines:
Earth science, meteorology, computer science

Time Requirement:
Two to three periods

Image Format:
APT, visible and infrared

Prerequisite Skills:

1. Knowledge of how clouds form
2. Ability to analyze satellite images
Materials:

1. APT images (visible and infrared pairs preferable, one per group) with a particular
cloud type circled for identification

Z. Thunderstorm reference sheet

3. Data sheet

4. Cloud tfact cards, cut apart {pages 246-248)

5. Teacher-provided reference materials about clouds and satellite imagery

6. Thunderstorm Reference Sheet (page 245) for each cooperative learning group
Preparation:

The teacher should spend at least one period preparing the class for this activity.
During this preparation time, discuss with the class why and how clouds form. Once
students understand the dynamics of cloud formeation, go into specific detail concern-
ing the evolution of a thunderstorm—from cumuius cloud through dissipation stage.

Note that this activity describes standard thunderstorms. The development of muitr-
and super-cell thunderstorms won't match what 1s described here

Reference:

Ahrens. Donald C Meteoroiogy Today: An introduction to Weather, Cimate, and the
Environment




ctivities
1 Divide students into cooperative learning groups (each group has five roles to fill).
2. Pass out one Data Sheet to each group.

3. Each group divides up the tasks listed at the bottom of the data sheet {chairperson,
recorder, traveler, reporter, researcher).

4. Teacher randomiy gives one satellite image to each group as weil as a
Thunderstorm Reference Sheet.

5. After analysis of the satellite image, the group decides which five cloud facts they
should receive from the teacher. Making multiple sets of the cards will ensure that
each group decides which cards they want, rather than choosing by default. The
card types describe’ appearance, temperature, source card, associated weather,
and vertical development.

_G\'

After reviewing therr five cloud fact cards, the group must decide which, if any, of
the fact cards pertain to the cloud indicated on their satellite image. Do research
from provided materials, allow ten minutes for research.

7. When it is determined which cards are needed or not needed, students may

choose to trade cdards with other groups through the traveler — to obtain the cards
they need.

8. The traveler may approach other groups which have determined the cards they
need and make trades for cards to complete the data sheet.

9. When all fact cards are collected, the recorder should complete the data sheet and
arrange the fact cards in the order on the data sheet.

10 The reporter for each group, in turn, names the group’s cloud and reads each
cloud fact card (start with cumulus and go through each stage, ending with dissi-
pating cumulonimbus).

I Data sheets and fact cards are turned into the teacher for grading

Extensions:

On the day following this activity, discuss in detaib with the class the formation of ight:
ning, tornadoes, hail, and the damage they infiict

investicate muiti-cell and/or super cell thunderstorms

Q
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~ DATA SHEET

Group Number _______ ‘

Cloud type indicated on your satellite image
Cloud Facts: MUST pertain to your cloud

Source

Temperature

Appearance

Vertical Development

Associated Weather

Satellite Image, describe what you see.

Names

Chairperson: Controls discussion, directs reseda . h

—-— Recorder: Completes data sheet compilcd by group

' e e Traveler: Moves efficiently through other groups to
trade for needed cioud facts

Reporter: Reports results of groups condlumons

Researcher: Optional depending on size of groug




THUNDERSTORM
REFERENCE SHEET

wycl

figure 90.




Appearance Card Temperature
-50° C top
Towering Cumulus
0° C base
Resembles head of cauliflower
Appearance Card Temperature
-10° C top
Cumulus
Puffy, floating cotton 24° C base
Appearance Card
Temperature
Mature Cumulonimbus 15° C t
(thunderhead) ) op
Top - ice crystal 20° C base
Mid - ice crystal/water droplets
Low - water droplets
Appearance Card
. _ Temperature
Dissipating Cumulonimbus 60" C top
Cirrus anvil cloud remains 24° C base

‘ g

[ & 3




‘ Source Card Associated Weather

Evaporation continued due to

increase in temperature Occasional showers

Source Card Associated Weather

Evaporation from lakes, oceans, Light showers

or other bodies of water

Increased clearing

Cooler temperature

Source Card

Evaporation causes air to become more
moist. Rising air is now able to condense
at higher levels and the cloud grows taller.
The freezing cloud particles become too
heavy to be supported by rising warm air
and it rains. Lightning develops when the
cloud becomes unstable and experiences
turbulance.

Associated Weather

Moderate thermals

Fair

|

Associated Weather

Source Card

Downdrafts occur throughout the cloud.

l

1 |
| Deprived of its rich supply of warmed Possibility of hail, rain, |
\ lightning, thunder—some or |
|

all of each.

humid air, cloud droplets no longer form. |
Light showers below and upper level 1
winds dissipate the cloud. \‘

Strong winds




|
: : |
Vertical Development Vertical Development ;
|
top 12 km ' top 1.5 km %
base 1 km base 1.0 km |
Vertical Development | Vertical Development
top 11 km | top 6.0 km
base 5 km base 1.5 km .




fiqure 91v. NOAA 10, March 28, 1994
visible image courtesy of G Chester. Smithsenian Institution,

Albert Emsten Planetanum
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figure 91i. NOAA 10, March 28, 1994
infrared image courtesy of G- Chestern SIthsoman Insitation
Albert Einstein Planetanum
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cumulus congestus and smaller cumuius mature thunderstorms

fiqure 910 NOAA 10, March 28, 1994
visible image courtesy of G Chester, Smithsonian Institution,

Albert Finsten Planetanum




fiqure 92v NOAA 10, March 29, 1994

visible imade courtesy of G- Chester. Smithsonian Institution,
Albert Einstemn Planetanum




figure 92i. NOAA 10, March 29, 1994
infrared image courtesy of G. Chester, Smithsonian Institution,

Albert Einstein Planetanum

751




dissipating thunderstorms

fiqure 27a NOAA 10, March 29, 1994

visible image courtesy of G Chester, Smithsonian Institution,
Albert Einstein Planetanum

hee age 188 for information about image nose
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ANIMATION CREATION

Authors:

John Entwistle, Damascus High School, Damascus, Maryland
Carolyn Ossont, DuVal High School, Lanham, Maryland
Hans Steffen, DuVal High School, Lanham, Maryland

John Webber, Aberdeen High School, Aberdeen, Maryland

Grade Level: 7-12

Objective:

To create a computer animation of a sequential series of WEFAX images which will
assist in identification of fronts, clouds, hurricanes, and storm movement

Materials:

1. IBM/compatible computer system

72  Romeo file * (see page 256)

3 A collection of visible or infrared WEFAX satellite irmages on computer disk in Gt
format. The images should have been obtained at consistent tme intervels

Background:

1. Two programs are needed to create the animation. ANIMATE creates the animation.
and PLAY displays the animation file created by ANIMATE.

2. The programs must be run frorn a hard disk drive.

3. The animation 1s smoother if run on a computer with a fast microprocessor

4. Only GIF format imege files can be animated using these programs

Procedure:
I Make a new directory on your hard drive using the following cormmand

ML R][OMIEIO] | enten |

2 Change to the new directory usmg the following commdand
C'D_J[RIOMIEIO] [ EnTER

3. Copy the file named ROMFO ZIP” from the directory/drive where ROMEO ZIP hey,
either been downloaded, or the drive on which ROMEO ZIP 1s located, using the
following command

ColPv mIOMERL P TIo JRIOMIE 0! | enen

4 Unzip ROMEO ZIP using the following command {this command assurmes that you
have PKUNZIF on your hard drive and in your path. If you dont have PKUNZIE

deaniload it from a bulletn board system (BBS] such as those histed on the foliow g
page The newest version of PKUNZIP and associated files is called "PKZ204C EXE

P KTUINTZI P TRIOIMIE] ) T2 TTP] [ ENTER

Note  You must hove ot least 2 5 MB of freo hard drive space in order to anzipy and 1an
the, program: Additional information on the PATH statement in your AUITOEXEC BAT tie

Mty be found oy DOS manual A sample PATH statement fooks Bibe thiy
PATH = € NCNDOS COARCEIE




Procedure (con't):

5.

6.

Collect your sequential WEFAX image files.

Place the image files in the ROMEO subdirectory. Be sure the image files are listed

in the subdirectory in chronological order. The closer together the chronological
files are obtainea, the smoother the animation. Images collected every hour work
best, although images collected every two, four, or six hours also give good results
Animation works well with 10 or more image files

7. To animate the files, be sure you are In the subdirectory contaring the file [DTA

8. To create the ammation file, type

OTALMNELEIOFEDIER s W Cenen

where the path is the path to the imace files This will create the fiie ANIM F L the
more images in the animation, the longer this process will teke

9. To show the animation, type

PILANMAINTMC AL T

. The file, ANIM.FLI should be renamed since each subsequent anmagon
created by DTA will be called ANIM FLI

__ENTER ]

?

I'l. Additional, in-depth information about the programs DTA and PLAY are fournd in
their DOC or TXT files.

References:
Mason, David K., DTA (Dave's TGA Arimation Progr.imy | 8¢
Mason, David K., Animate, 1992.

( * The Romeo file may be obtained from:
NASA Spacelink via modem at (2051 895 001,28
Irternet at spacelink msfe nasa gov

BorderTech Bulletin Board 14101 239 4237 0, 00l oo feor o eteid o g bt
Dailas Remote Imaainag Groapy ORI Butier o B e
There s o fee toose this BBS 2130 394 7438
The animation <OMSare 15 Share A e meanpe e 2o ot Seons Doy o o
procuct ot Send you nesy veraon sy thiey De ey ot " , o

i PO Box 1417 acksonvilie: Oregon 97530

|

‘ THEere are o anmation file, FELATS BT ATS T TS N I TR S R R B Yy b LR

| AN ke by 0 OFS Wt THus v ation oo Sy by b ab L by b

| The file ROMEO ALL Contams the argpmal 1O m e 1o e s gt s Vot ‘o

| €xten the Amation to over o sys peroc of tee
PROIRG/1 oy b fovanidogy o S o e IR TR A PRV P 0
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WHEREFORE ART THOU, ROMEO?

Authors:

John Entwistle, Damascus High School, Damascus, Maryland
Carolyn Ossont, Duval High School, Lanham, Maryland
Hans Steffan, DuVal High School, Lanham, Maryland

John Webber, Aberdeen High School, Aberdeen, Maryland

Grade Level: 7-12

Objectives:

Students will he able to follow the path of o Pacfic Ocean Darnicane s he able to

I Identify o hurmicane by its properties. as shown in o sere . ob sequential animssted
GOES imagqes,

2 Determine G size, velocity, and ditecion of movement f oo R eane.

30 Prechicr ine path that o burmicane will take

Time Requirement:
2 1o 4 class penods

Image Format:
Geostationary infrared imeges

Background:

I Read U'S Geostationdry Environmentai Sciteites and Baosgroand Hurncares

2 Collect o sernes of mfrared GOES satefite images on compiuter 2ie miages
acquired at one hour intervals)

3 Downtoad the files describecd i the previous tessor, Anration Creatior)
I Tided are two anmaton files and 9 indivicdual foame files The B POAEC
Contams 10amages, each taken from GOFES West. covening S hoar i thie ite of
the hurncane  The file ROMEO ALL contams the origingl TH e piee o acddi
nonal number of frames that extend the anmation o over o e et ot e

Materials:

1 Computer

/J Romeo hifes”

0 Metne ruler

4 D cof scetate and markmg pen e stadert o

Preparation:

I Revie v hackground mtoraticn

YT ap the compiter system

T Dinrbute 1 osheet of acetate anch muarbag puee poe e
4 Dastribute student data sheet

References:

Ahrens Donaldd € Motecroiogy Todoy A ntrcdac o to AWe e e e
feneroriment

Pyt bk Noct T Harne anet™ Afamiieae oo (oot

ooy Lk The \Reather Bo0k

Cer thadenson Arination Creation regandingg ot e




U.S. GEOSTATIONARY :
ENVIRONMENTAL SATELLITES ‘

ackground

Geostationary or geosynchronous sate”  es orbit the Earth at a
speed and altitude (approximately 22,240 miles) that allow
them to continuously hover over one area of the Earths’s
surface and provide constant coverage of that area. The

U S. Geostationary Operational Environmental Satellites
(GOES) view almost a third of Earths surface and provide
continuous western hemisphere coverage.

GOES provides low-resolution direct readout service called
Weather Facsimile (WEFAX). WEFAX transmissions include
visual reproductions of weather forecast maps, temperature
summearnics, cloud analyses, etc. via radio waves. WEFAX visi-
ble images have a resolution of eight <ilometers, meaning cdch

pixel tepresents an area eight kilometers on a side. Infrared imeges have o resolution
of 4 kifometers. WEFAX is formatted in a 240 ines-per-minute transmission rate

hgure 93

OES

*  Provides continuous day and night wedther observations

«  Monitors weather events such as hurricanes and other severe s.orms

*  Relays environmental date from surface collection points to a processiig center

*  Performs facsimile transmission of processed weather datea to users (WEFAX)

= rovides low-cost satellite image services, the low resolution version 1s called
weather facsimile (WEFAX)

*  Moniwrs the Earths magnetic field, the energetic particle flux in the vicmity of the
sdtellite, and x-ray emissions from the sun

GOES I-m Prirnary Sensor Systems:

Imager is o five channet fone visible, four infrared) imagma radiometer thdt senses
raciant energy and reflected solar energy from the Earths surface -nd the atmosphere
The imadger alse provides o s arsensing capability, used for mage naviaation aned reci,
LAt pUrpOsSes

Sounder is 4 19 channet discrete-filter radiometer that seses specific tackiont enerigy
far vertical atmaosphenc temperature and maoisture profiles, surface aned oo top tem
perature, and ozone disttibution

Communications S_asystem includes weather focsimile (XEFAX] o o
e sedrch and rescue (SAR) transponcder

Space Environment Monitor (St.M) coNsISts Of o mMagnetometen x foy sensor fueh
enetdy proton and alphs detector, and an enerqgetic particles sermor o vsed for i ity
sunveying of the near Carth spiace envitonment: The teal time dato s providesd 1o the
Space Environment Services Center-—which recenes, momtors, andd INterprets solor ter
resttal date ane torecasts special events Such as dar Hares argeon g e sty

Q
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HURRICANES

ackground

Hurricanes are severe tropical cyclones vvith pronounced rotary circulation whose winds
consistently exceed 74 mph or 64 knots {1 knot = 1.15 miles/hour). One beneficial quali
ty of hurricanes is serving as « source of rain to land in their path, although the rain is
often delivered in devastating quantities. A mature hurricane orchestrates more than
million cubic miles of atmosphere, typically has an 8 to 12 day cycle, and averages about
300 miles 1n diameter. Winds may exceed 150 knots, and generate waves of 50 feet or
more over deep ocean. '

Hurricane winds are produced, as all winds are, by differences in atmospheric pressure.
The hurricane’s energy 1s derived from the latent heat of condensation. The maximum
strength that a stcrm can achieve 1s determined by the temperature difference between
the sea surface and the top of the storm. Water below 80 degrees Fahrenheit does not
contribute much energy 1o d harricane so all storms are doomed once they leave warm
tropical waters. However, the remnants of some large hurncanes may travel for days over
cold ocean before dissipating

Hurricanes form over tropical waters where the winds are light, the humidity is high, and
the surface water temperature is warm (typically 79 degrees F or greater) over a vast ared.
Al hurricanes deveiop dan eye \Within the eye, an average of 20 to 50 kilometers in diame-
ter, clouds are broken and winds are light with very low surface air pressure. Hurricane
strength is generdlly unrelated to overall size, however very strong hurricanes usually have
smalt eyes (less than 10 miles or 16 kilometers in diameter), which has the effect of concen-
trating the hurnicane’s energy. Hurricane Gilberts | 1988] eye displayed the lowest sea-level
pressare ever recorded in the Western Hemisphere with 26.22 inches (888 millibars’ o
mercury—compared to the standarc 29 inches of mer<ury in North America, and 30inch-
es In the tropics. Surrounding the eye is the eye wall, a ring of intense thundersterms that
whirl around the storms center and extend upward to almost 15 km above sea level.

Although the high winds of hurricane . infiict a lot of damage, it is the waves and flooding
AssoCiated with the storm surge that cause the most destruction. High winds gerierate
waves over 10 meters (33 feet high), and «n average hurricane brings six to twelve inches
of ran to the ared 1t crosses. Storm surge claims nine of ten victims in a hurricane.

While o hurnicane lives, the release of energy within its circulation 1s immense. The conden-
satioN heat energy released by & hutricane In one day, converted to electriaity, could supply
the United States” electrical needs for about six months Hurnicane season in the Northern
Hemisphere normelly lasts from June through November, more hurncanes occur in the
Pacific than i the Atlantic Ocean

storm surge The combined offect of higin water and high winds that produce < 1se in
ncean level that drenches Jow ving coast

storm tide T
The combmation |
of high tide ant— |
SLONTE SUrGe

storm surge

¢ e e e ey

15' surge 4-<
2' normal high tide

‘(-
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Aruitoxt provided by Eic:

TeEACHER NOTES FOR
AcTivimiEs 1 & 2

ctivity 1

. Run the computer animation by typng P 'L ATY] RIOJM E.[0] [ ENTER |

[ R W Y Bt

2. Slow the animaton by typing 9
3. Observe the animation, dentify the nurnicane

4. Answer the observation questions

uestions

fa. Which direction 5 the nurnicane movirig? How, do you knew?

I Which direction are the couds in the hurticane moving?

lc Using a copy ot Cioud Pattern Ty oes used in Intensity Andiysis Chart, 1ocate the
shape of the hurnicane end wdentify the strength of the hurnicane

P FE T BT

ctivity 2

1 Before D(}g[ﬂ”!”g e AU ml" e teacher Aatvivilel .' . " : ‘:u:‘: A“‘,, .
set-up the computer systern ang display e pictan: v Tl
SCALE" from the Romeo disk /oy typing .

e e e e e . L

P LAY SCALET ENER S

2 Tape a piece of acetate v the computer mont e e, e

30 Students need to Copy The GRIANCe ST from the T e e
screen onto the deetate s e e

4 View the mdeadual hur cone sequen e by, e ' ‘

PLAY ROMEO . 1  ENTER

5 Mark the center of hure ange Rommen e T e e e

6 Trace the coostinge nnto the et e L e

7 Peptet procedin E AL e S ey

I S R L S S T T O T R O T R

9] C<_M'?{_*(f HATEN ST L TNV L AP A TR T ST

ecord the Following Information on Your Data Sheet

e USING The sealee doteroime the ot an e bebyeen ear by g
Zh Determyupne the poe al bt avs s oy R A N N WY
ZC Determinc the heed the conter cf e b e o, |
Zab Dotermine the oy g The Burno e o

’) te -

~ ¢ )




WHEREFORE ART THOU, ROMEO?
STUDENT ACTIVITIES

ctivity 1

1. Run the computer animation by typing:
FLOAN ROMER [enrer ]

Slow the animation by typing. @

[}

3 Observe the animation, identfy the hurricanc

4 Answer the observation guestions

uestions

la Which direction 1s the hurricane moving?  How do you know?

b Which cirection are the clouds in the hurncane moving?

Ic. Using a copy of Cloud Pattern Types used in Intensity Analysis chart, focate the
shape of the hurricane and identify the strength of the hurricany

ctivity 2

I Before beginning the activity, set-up the computer system and displey the prcture

‘ SCALE” from the Romeo disk by typing:

FLURY SCOAILE [enen

2 Tape a prece of acetate to the computer monitor
3 Students need to copy the distance scale from the screen onto the acetate

4 View the individual hurricane sequence by typing
PILIALY, [RIOIMIEJQ) (1] | enren |

5 Mark the center of hurricane Romeo

6 Trace the coasthine onto the acetdte

7 Repeat procedures 4 & 6 for frames Rom ey 20 Pomen @

Q4 Remove the acetate trom the computer screen

D Connedt the pomts marking the center of the huarneare

ecord the Following Information on Your Data Sheet

24 Using the scale, determine the distance bhetween cach pom!
Jb Dotermine the total distance hurnicane Romeo traveled
Jo Determine the speed the center of the hurricane m werd b

' 2 Determine the average speed the hurnicane moved

W RT AN A VIR RIS T
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STUDENT ACTIVITIFS (CONTINUED)

ctivity 3

1. Return to the computer and tape the acetate onto the computer screen, aligning
the center of the hurricane images with the dots on the acetate.

2. Load ROMEO. 1

3. Draw aline (radius) from the center of the hurricane to the southern edge of the
spiral bands.

4. Repeat procedures 2 & 3 for each frame,
5. Remove the acetate from the computer screen.

6. Determine the diameter of hurricane Romeo for each Image. Record this informa-
tion on your deita sheet.

uestions for Activities 2 & 3

3a. Describe the circulation pattern of the clouds around hurricane Romeo.
3b. Comzare the distances traveled between each of the images. Is there a pattern?
Explain your answer.
3c. Compare the diameters of the hurricane images. Is there a pattern?
Explain your answer .
3d. Based on your drawing and te data collected, predict a possible location for
Romeo in the next 3, 6, 9, 12. 24 hours. Check to see if your hurricane movement
prediction was correct by typing-

PLAY FOMECRLL [ ]

3e. Predict what will happen to the shape of Romeo over the next 3. 6, 9, 12. 24 nours

3f. Based on your drawing, what might be one reason that a4 hurricane wnuld lose
strergth?

3g. If you were 4 meteorologjist in Hawai, would you 1ss1€ a4 hurricane warning?
Explain your answer

Extensions:
P Collect GOES images and animate a sequence

/ Using ROMEO ALL. compare the movement of hurricane Romee to the clouds in
i rorth-central and the central parts of the U S

References:

Ahrens, Donald ¢ Meteorology Today  An Introduc ion to Weather, Chimate, and the
Environment

‘AM. Weather for Teachers

Dvorak, Vernon F - Tropical Cyclone Intensity Analysis Using Satellite Data -

Mason, David K "D Daves/TGA Armation Program | 8f " 199

Mason, David K “Arimiate 199
Wilhams, Jack The Weather Book




HuURRICANE ROMEO
ACTIVITIES DATA SHEET

NAME e e e
r..__ 5 i e i e e
: | Distance Berween ! Actual Distence Hurricang Imaaqe tACtual Hurnicane
! i y > » N 4L . . ; '
oo Image { Hu__m(am_ Image | Butween HUIMICAne &y fosiy om0 Diemeter rmy
| ! Centers (cmy } Centers (km) -

I i .
Romeo |
Romeo /
|
. Romeo 3
3 + c+ .
Romeo 4
! "
|
! . i . .
|
Romes b
- . . - .
Povica 6
Romee /
e
oy f)
. -

total Dirtonee
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A CoLD FRONT PASSES

Authors:
Sarah Clemmitt, Montgomery Blair High School. Silver Spring, Mdryland
Onyema Isigwe, Dunbar High School, Washington, DC

Grade Level: 9-12
Can be adapted for other grade and ability levels.

Objectives:

At the conclusion of this project, the students will be able 1o

I Identfy satellite-viewed features associated with 4 cold front,

7 Idenufy surface data trends associated with the passing of o cold front,
3 Track the movement of a cold front, and

4 Predict the arnival of the cold front.

Rationale:
To enable students. 1N groups of four, to apply the infurmation they have learned
about cold fronts to analyze satellite mages ond synoptic datd they have collected

Relevant Disciplines:
Farth and space science, computer science, mathematcs., Enghsh

Time Requirement:
One-and-a-half to two weeks

‘ image Format:

APT or GOES, visible and/or mifrared

Prerequisite Skills:

This lesson 1S Not intended as an introductory activity

I Tme students should be familiar with manipulating and enhancng satellite images

> The students should be familiar with weather patterns, including cold fronts, and
the varabies imherent in their passing

>, The students should have experience n using 4 thermomerer. a barometer. dan
anemometer. and a shing psychrometer

Vocabulary:
A Mass. clouds (oirrus. cumutonimbus) cold fron. dew pomnt veloony

Materials:

baccess 1o images
Janemaometer

3 barometer

1 shing psychrometer
’ thermmemeter

Q
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ctivities

introduction:

At this point students have already learned quite a bit about weather patterns, They
know what a cold front is, as well as the variables that will change as a front passes. In
this activity that knowledge will be used to:

I Identify satellite features associated with a ccld front,

2. ldentify surface data trends associated with the passing of a cold front,

3. Track the movement of a cold front, and

4. Predict the arrival of the cold front

Student instructions are on page 268 and can be copied and distributed to the class
Students are expected to turn In a written report that INcludes the following sections

I Title page - names of group members and dates of stucly

2. Introduction - summary of what you know about cold fronts inciude Gtations) anced
a statement about the objective of your report

3. Matenals and methods

4. Data
* Information collected from the sateflite Images Including the position of o cold front
* Predicted velocity of the front
* Table of surface data
*  Graphs demonstrating ground date trends

Discussion
6. Crtations

I Pull up the days satellite image of your location

(Ua)

Depending on the computer faciiities available. this can be done a number of
ways. Most iikely you will need to save the image on discs for the students to use
during their ciass periods

2 Using the satellite Image, indicate the position of the cold front Also, note the typaess
of rlouds you see anc! their positions relative to the cold front fare they on the
leading edge? trailing edqge? middle?)

Because the students need to include this information i their report, you may wish
to use the “Positior* of a Cold Front™ workshect on page 267, or allow each group
to devise their own presentation format In order for the students to indicate the
pesition of the cold front, they may need o printout of the 1mage 1o trace, or 4 meip
to transfer the location onto

3 Step #2 should be repeated for 2 or 3 images in order to get o dood idea of the
movement associated with this front

The front may be moving quickly, s it mey e DEst b clo s with o foay My
captured on the same day Mherwise the ¢ oicd front may pass betore the students
have macdle their predichions

4 Based on the images you have analyzecd thus far ¢ alculate the average velocty of '
the cold front. There are a rumber of wiys to do this: Students should decide on .

method, then show dll ther steps to llustrate how they have chosen to proceed

RuL
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Decide how much information about velocity to give your students. Distances can be
determined in a number of ways, such as counting pixels or creating a scale based
upon known distances. More advanced students should be made aware that the dis-
tance between the fronts does not necessarily follow the boundaries of the pixel. To be
accurate, they may need to find the corner-to-corner distance across the pixel. Also,

-

beware that a derived distance scale may be distorted due to the Earths curvature.
5. Using your velocity calculations, predict when this cold front will pass through your
area. Show your work.

6. For the next few days (in some cases, hours), until the ¢ old front passes through,
do two things:
a. Record the following informatior in the table on page 2606
s cloud type - sketches or photos My be ind luded

« date

« dew point {relative humidity 1If hygrometer is avaiilable)
¢ tme

s pressure

s« precipitation
« temperature
« wind direction and speed
s any other observations

b Continue to analyze the daily (or more frequent] satellite images Precliction of
the arnival time for the cold front should be adjusted if the veloaty of the cold
front vaiies with time. Include all of the predictions in the final report

7 After the front has passed. write a discussion section that inciudes the following
a Asummary of the satellite observations
« General location and movement of the front (latitude and longitude
s Velocity and arrival predictions made {discuss any adjustment made to the
prediction)
b Asummary of the trends seen in the surface data collected
s Ceneral trends seen in each vanable
«  Does the data match what is expected when a cold front passes?
« Can you explain the vanables that do not match a cold front?
¢ A discussion of the similanties and differences between d and b
o Was your prediction accurate? Why or why not?
« Do the doud types seen in both data sets correlate? Why o why not?
s How accurate 1s this method of prediction?
s Xhat could be done to ensure & more aceurate prediction faiscuss atled t
o options)?

Variations on this Lesson:

1 Limit the study to Just Cne or o vanables, as appropriate 1o (rade level

2 Stagger the due dates for the reports to easore that the students do not fall bheb nd
and become overwhelmec

3 Require peer editing of A rough draft of the report

4 Use other phenomend in place of a cold front e g tropical storm tirmmyg into

hurricane

Have students from peniod to penod collaborate thes strface data to abtat

maore accurate picture of cutface actraty

[l




tudent Activities )

Written Report

Students are expected to turm n g wntten report that inclucdes the followaneg sections
P Title page - names of group members and dates of stucly

4 Introduction - summadry of what you know about ¢old fronts nclude « Pt o
4 statement gbout the chiective of your renort

3N el and methods

4 [ita

o Information colice e o e s PG WD T positery ol
colet front

o Predicted velooty of the front

o Table ot surface daty

' Grannhs demonatrating groume (g tends

I D INAVIANIET
O Crtaions,
Observation of the Front

EoObtn the oy satelhite g

S Usingg the image ancicate the position of the coid ont and Campicte the chart on
DAge 271 Alsas note the types of cloudds, YOU SCC and their positions relative to the
concd fromt ane s, Dy the feading cdge? tonlmc edae? midd'e

ToNtep £ ould beaepeated for 2 ocr 3 SN Y I T et S ot
Tresserner s e tecd ot this front
el e IaGeC VOt ROe el 20 e] Thos fe Calt Glate e e e el ey
e coid tont Thete are o noamber Of Aoy 1o do thy, Devicte o emethegd thers
y
R E ST L) g {‘.‘1‘(’“"'L'N)\_'.(.’M]‘,'_‘\'.M‘,'",,l\_‘('(‘y)‘\""\'v‘;'.h(,.‘r
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» temperature
» time

» wind direction and speed
» any other observations

b Continue to analyze the daily (or more frequent) satellite images. Prediction of
the arrival time for the cold front should be adjusted if the velocity of the cold
front varies with time. Include all of the predictions in the final report.

Analysis
After the front has passed. write ¢ discussion section that inciudes the folliowing

I Asummadry of the sateliite observations.
»  General location and movement of the front (ldtitude and longitude)

Vieloaty and armval predictions made (discuss any adjustment made to the
prediction)

2 Asummary of the trends seen in the surface data < ollectedd

o General trends seen in each variable
Does the data match what is expected when a cold front passes?
» (N you explamn the variables that do not match d cold front?

3 A discussion of the similarities and differences between o and b
s Was your prechiction accurate? Why or why not?
» Do the doud types seen in both date sets correiate? Why or why not?
o HOw accurate s this merhod of prediction?

e WHat could be done to ensure & more accurate preciction {discuss at least two
Optonst?
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WiLL THERE BE A RAIN DELAY?

Authors:

Terrence Nixon, Maryland Science Center, Baltimore, Maryland
Sandra Steele, Pikesville High School, Baltimore, Maryland

Sushmita Vargo, Washington International School, Washington, DC

Grade Level: 9-12

Objectives:

Using satellite images, students will be able to:

1. Identify general cloud types,

2. ldentify areas of precipitation based on the locations of appropriate cloud types,

3. ldentify areas of low pressure and frontal boundaries based on cloud patterns, and

4. Predict weather based on analysis of visible satellite images and other weather
information.

Relevant Disciplines:
Earth and space science, geography, meteorology, marketing, business

Time Requirement:
One class period

Image Format:

APT or GOES images. Use images from different time periods so student predictions
will vary.

Prerequisite Skills:
Students should be familiar with elements of mid-latitude cyclone development. This
could be the culminating activity for a weather unit.

Vocabulary:
cloud types, cold front, pressure systems, warm front, weather symbols

Materials:

1. APT or GOES visible images {1 visible image per pair of students)
2. Outline map of the United States

3. Student handout

27127




ctivities

1.

Distribute to each pair of students: 1 visible satellite image, 1 political map,
| student worksheet

2. Explain that the first game of the world series will be played in Baltimoie {or your
city or nearest city with a team) tomorrow and that they are the meteorologists
responsible for predicting the weather. Note: you may wish to reword the activity
to reflect your location and team.

3 Allow the students 20-25 minutes to disctiss and answer the worksheet guestions
in parrs.

4. Have students share their predictions with the class. Insure that each group can
back up their predictions by asking questiuns concerning cloud identification, front
location, etc. Allow other students to ask questions

5 Instead of forecasting game day wedther, have students forecast wedther over o
holiday (will it smow on Thanksgiving. rain on Memorial Day, etc.?).

6. Venfy the forocasts by using wedther informetion from newvspapers or TV

Extension:

Track and comipare Farmer's Aimanac forecasts with local weather




WiLL THERE BE A RAIN DELAY?

tudent Worksheet

Objective:
The Orioles have wor: the American League Championship. The series will be played in
Baltimore at Camden Yards. Your objective is to predict the cloud cover and precipita-

tion condition for the World Series game that will be played tomorrow by analyzing
the satellite image.

Materials:

1. Visible satellite image
2. Outline map of the United States

ctivities
Observe the sateliite image anc complete the following questions:
I What large scale cloud type is associated with a low pressure system?

2. Canyou find this cloud shape on the image, and determine its location on your
outline map? Label this location with the symbol for low pressure (L ).

3. What image patterns are associated with thunderstorm activity? Comment on the
characteristic gray shade and shape.

4. Find these thunderstorm images on the satellite image and label them on your out ‘
line map using the thunderstorm symbol | K ).

(Va)]

Shdade in the area on your outine map which contains a concentration of { K )
symbols.

6. Onthe outline map you have just labeled, and using the satellite image. identify a
geographic location of a cold front. Label this on your map with the symbol for a
cold front | /)).

7. locate Balimore on the outline map. Label it with a dot | ).

8. Comparing the satellite image on your labeled map, predict the cloud cover and
precipitation in Baltimore for tomorrow, World Series Day.
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figure 97i. NOAA 10, March 28, 1994
infrared image courtesy of G. Chester, Smithsonian Institution,
Albert Einstein Planetarium
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little thunderstorms

cumulus congestus or towering cumulus
mid-level, vertically developed clouds

figure 97a. NOAA 10, March 28, 1994
image courtesy of G. Chester, Smithsonian institution,
Albert Einstein Planetarium

visible image - counterpoint to figure 971

Images on computer will more clearly displdy temperature grachients and tacilitate
assessment of the infrared image
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fiqure 981 NOAA 10, March 29, 1994

infrared image courtesy of G- Chester, Smithsonan Institution,
Albert Finstein Planetanum
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Ci on edges of thunderstorm

figure 98.4. NOAA 10, March 29, 1994
image courtesy of G- Chester, Smuthsonidn Institution.

Alhert Einstemn Planetanum

VISIDIC mmage - counterpome o image: /7

Imaces on computer will more clearly display temperdature dradients and facilitate
assesament of the infrared image
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SEASONAL MIGRATION OF THE ITCZ

Authors:

Mary Ann Bailey, Crossland High School, Temple Hills, Maryland
Terrence Nixon, Maryland Science Center, Baltimore, Maryland
Sandra Steele, Pikesville High School, Baltimore, Maryland

Sushmita Vargo, Washington international School, Washington, DC

Grade Level: 9-12

Objectives:

Students will e able to:

I Ildentify the ITCZ on a satellite image,

2. Describe the fluctuatior: of the ITCZ, and

3. Hypothesize why the ITCZ shifts in position.

Relevant Disciplines:
Earth and space science, meteorology, geography

Time Requirement:
One class period

Image Format:

GOES

Prerequisite Skills:

Students should have knowledge and understanding of the following:
I Lattude

2. Global wind patterns
3. Process of cloua formation
4. Seasonal shifts in the suns direct rays

Vocabulary:
Cloud, convection, convergence, equator, intertropical convergence zone (ITC2Z).
latitude. thunderstorm, the Tropic of Cancer, the Tropic of Capricorn

Materials:
GOLS infrared images showing the ITCZ at different times of the year

I

2. World map

3 Blank transparencies

4. Colored transparency pens
5 Rulors

O Paper towels

7 Wiiter

EMC , | 280




ctivities

1.

Qrganize the class into groups of two for a pair-share activity.

2. Review the global wind patterns by asking students what they would expect to see
on a satellite image at areas of convergence and divergence.

3. Distribute to each group of two the fc.awing materials: GOES image and two blank
transparencies, world map, two different ~olored transparency pens, work sheet.
Alternating groups should have GOES imxges for opposite seasons of the year.

4 Direct the students to ccmplete steps #1-3 or their worksheet.

5 Pair each group with anotrer group that has a GOES image for the opposite
season of the year

6. Complete steps #4 and #5 of the procedure with the class.

Extension:

Compare seasonal rainfall data for cities in the ITCZ




OBSERVING THE ITCZ

air-Share Worksheet

Objectives:

1. Review the location of major lines of latitude.

2. Locate the intertropical convergence zone by observing where and when thunder-
storms occur in the tropics.

Materiais:

(per groups of two)

I GOES image and two transparencies
Z. World map

3. Two colored transparency pens

Procedure:
I Label one transparency sheet #1 and the cther #2

2. Onthe transparency sheet labeled #1, use cne colorec Udnspdrency pen to de the
following:
a  Draw lines to identify and then label the equator, tne Tropic of Cancer. and the.
Tropic of Cepricorn. Be sure to move transparency sheet #2 out of the Hay
when your marking on sheet #1
Mark the location of the compass points IN, S, E Wi
Mark your geographical incation (home! with an “x -

Answer the following questions

a What latitude receives direct sunlight all year?

D, What impact will this heating have on the surfare 4ir?

¢ What will happen to this air?

d s this air moist or dry? Explain why

e On the satellite image. what cloud patterns de you observe in the Area of tre
ITCcz?
Does the position of the ITCZ change over & year? If 5o, within Ahich fmtitudes
is it usually located?

Label the ITCZ on transparency sheet #2 uiing @ different coior TTANSDArENC, [

Work with a group that hias a different GOES image from SOUTY T AN N T

following questions

a  Compare your image and your conclusions Doy see ATy milanties?
Differences?

b Suggest reasons for the smilanties ard/or gfferonces

Chooie 8 spOFESPLTSON rOm Yt il W 5t * L afm ) gt e e v
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ey, Question 3, a-f, page 282
Pair-Share \Worksheet
3a. the tropi-al latitudes, especially 0°

3b. Year-round direct heating of the equatorial regions causes the air to expand over
the equatorial regions and the warmed air to rise.

3¢ When the moist air reaches the “ceiling” of the troposphere (imposed by the
stratosphere), it will be forced to diverge—moving poleward. As it moves away from
the equator, the air cools—becoming more dense and sinks back toward Earth.

3d. moist—as a result of strong surface evaporation

3¢ tall thunderstorn s, that is, cumulonimbus clouds

3f yes. 10°N-10°S




THE INTERTROPICAL
CONVERGENCE ZONE (ITCZ)

ackground
William F- Ryan, University of Maryland, College Park, Department of Meteorology

The general arculation of the atmosphere—the average motion of the winds around
the globe—is driven by the differential heating of the Earth. In the simplest terms, excess
heating near the equator causes the air to expand or swell over the equatorial regions.
Upward motion associated with this heating is typically concentrated in a relatively nar-
row band named the Inter-Tropical Convergence Zone (ITCZ). The satellite signature
of the ITCZ is a band of clouds, usually tall thunderstorms (cumulonimbus), that circles
the globe near the equator. The position of the ITCZ varies seasonally, moving north-
ward during the northern summer and moving south during the northern winter.

The ITCZ forms as « result of moist air rising under the influence of strong surface heat-
iNg. Upward motion along the ITCZ s mited to approximately 15 kilometers by the
presence of the stratosphere

figure 99

T T T e e e e e et e oot = cim ot 5 oot et et e+ e oL -

differential heating (latitadinal)

?
gt Z = the optical path through
! o Earth’'s atmosphere
{ . A = surface area
| f Ay

22 >> Z1
A2 >> A1

—arth

* longer optical path at pole
- more reflection,
absorption, scattering
* larger area per unit of
insolation at pole
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The stratosphere, which is kept very warm by its abundance of ozone efficiently
absorbing solar radiation, acts as a lid on the lowest portion of the atmosphere—the

troposphere. For practical purposes, all the weather that we experience occurs in the
troposphere. :

The air that rises in the vicinity of the ITCZ must spread out, of diverge, at the top of the
troposphere. We might initially believe that the Earth has a one-cell circulation in which
the air lifted at the ITCZ travels north until it reaches the cold polar regions and then sinks.
This would be a direct way to restore the system to balance. However, due to complex
effects, the circulation associated with the differential heating of the atmosphere is nct a
simple one-cell circulation from equator to pole. Instead, a more complex multi-cell struc-
ture acts to transport heat energy from the equator to the poles. A simplified version of
the Earths general circulation is shown in figure 100, the ITCZ is located at point 1.

figure 100.

—

tropopause

|

|

troposphere 1
|

|

|

Equator
How is energy transported poleward?

Simplified View ot General Circulation

The rising air near the ITCZ 1 diverges at the top of the troposphere and some portion travels north 2 . ‘a
As the air moves north it radiates energy into space and cools. As it cools it becomes more dense and sinks &
3 .The area of sinking motion, or subsidence, occurs near 30°N. A region with strong subsidence is typically \

very clear and warm with light winds. The subsiding air reaches the surface and branches outward 4 with

the northern branch traveling north 6 and the southern branch traveling south to complete Hadley cell .

circulation 5 . The northern branch collides with cold, dense polar air moving south 7 . This area, marked \
by the cold front symbol ( a s a. ) is often the location of frontal zones and cyclonic disturbances. '\
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fiqure 101 GOES infrared image. November 24, 1994
Image courtesy of SSEC, University of Wisconsin-Madison
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figure 102. GOES infrared image, Moy 31, 1994
image courtesy of SSEC, University of Wisconsin-Madison
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UsSING WEATHER SATELLITE IMAGES TO
ENHANCE A STUDY OF THE CHESAPEAKE BAY

Authors:
Donald Allen, Hancock High School, Hancock, Maryland
Dale E. Peters, Linganore High School, Frederick, Maryland

Grade Level: 9-12

Objectives:
Students will be able to:

1. Demonstrate an understanding of the relationship between environmental
parameters of an ecosystem and organism behavior,
2. Demonstrate the ability to use basic math functions,

3. Identify various geographic features of the eastern U.S. using weather scellite
images, and '

4. Explain the differences in land and water surface temperatures obtained from
weather satellite images.

Rationale:

To show students how weather satellite images can be used in studying various envi-
ronmental interactions.

Relevant Disciplines:
Biology. Earth science, environmental science, mathematics, English, social studies

Time Requirement:
2-3 class periods

Image Format:
APT (infrared}, GOES

Prerequisite Skills:

I Students should be familiar with using metric units.

2. Students should have some experience using information obtained from weather
satellite images.

3. Students should be able to calculate area and find the average of a data set.

4. Students should have a basic understanding of Polar-orbiting and GOES satellites
and the images they produce.

5. Students should have a basic understanding of energy absorption and emission by
land and water.

6. Students should have a basic understanding of the properties of water.

7. Students should be familiar with the Guif Stream

Vocabulary:

albedo, APT, ecosystem. geosynchronous, GOES, infrared, NOAA, parameter, sdlinity,
sun synchronous, water properties (heat capacity, specific heat)




Materials:
Metric rules
Cloud identification chart
Balance
Scissors
Colored pencils
String
Student activity answer sheet
Spring and fall satellite images of the eastern U.S for each pair of students
Supplementary satellite images of the eastern U.S.
. Map of the eastern U.S.
Map of the Chesapeake Bay drainage area for each student
. 3 maps of the Chesapeake Bay for each student
. Copies of “Blue Crab” and "Striped Bass” articles for each student
. Cloud chart

DO N A WN =

HWN —-C

ctivities

note: The day before this lesson is to be started, distribute the GOES weather sateliite
images and the cloud identification charts. Discuss with the class the basic features
iustrated in these images and the properties of water The distinction between visible
and infrared images should be made at this ime.

. Warm-Up:

As a class, have students icentify the major tributaries of the Chesapeake Bay onther
individual maps.

note: It is suggested that a wall map of the eastern U.S. be available to help the stu-
dents identify the major tributaries of the Bay

Students should work in pairs for the remaining activities

I. Using the map on page 294, calculate the area of the Chesapeake Bdy wdtershed
2. Using one of the maps of the Chesapedake Bay, calculate the surface area of the Bay.
note: One possible way to calculate the area of the Bay 1s to weigh the piece of paper

the bay map is on Have students cut out the outline of the Bay and weigh this prece
of paper. Calculate the area of the Bay using the following formula

area of whole prece of paper = ared of the Bay
mass of whole prece of paper Mmass of cut-out peice of popet
oM

Students could foliow the penmeter of the Bay with o peice oF sStng. 10shaoe it into
rectangle. and then determine the Bay's area

Have studoents explore other ideas they mes have

Dy
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3. Using the satellite images containing temperature readings, calculate the average
temperature of the land surface, the surface of the Chesapeake Bay, and the
Atlantic coast water surface.

4. Using the information from the salinity charts, the article on the blue crab. and the
satellite images with temperature readings:
* Color the area on the Chesapeake Bay map where you would expect to find
blue crabs in the early spring;

* Using a different color, indicate where the blue crabs would be found in the
fall, and

= Make a color key on your map.

5. Repeat step FOUR for the striped bass population, replacing the blue crats article
with the article on the striped bass.

Extension:

I Determine the basic cloud types from the satellite images you have been given. Use

a cloud chart and briefly discuss the possible weather conditions associated with
cloud type.

2. Write a letter of request seeking more information on the blue crab. striped bass, or
other threatened species living in the Chesapeake Bay

References:
Chase, Valerie. The Changing Chesapeake.

Chesapeake Bay: Introduction to an Ecosystem. U.S. EPA

Lee and Taggart. Adapted from "A Satellite Photo Interpretation Key. "
Blue Crab. U.S. Fish and Wildlife Service.

Striped Bass. U.S. Fish and Wildlife Service.

Additional Resources:

Berman, An' E. Exploring the Environment Through Satellite Imagery

Chesapeake say Restoration: U S. Fish and Wildlife Service,

"Mission to Planet Earth.” Aviation Week & Space Technology

National Oceanic and Atmospheric Administration (NOAA) Education Affairs Division
Reports To The Nation On Our Changing Planet, The Climate System UCAR
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A STtupY OF THE CHESAPEAKE BAY

ctivity Sheet

name
period
date

Please answer all of the following, except number three, with complete sentences.

1.

What is the area of the Chesapeake Bay drainage area (km’)?
What is the area of the Chesapeake Bay (km-)?

Average the following temperatures obtained from sateilite images:

1
spring fall

tand surface

Chesapeake bay

Atlantic Coast

.

| |

(V2

Explain you and your partners selection of locations with tilue crab in spring and
fall {the areas you colored in). Be sure to consider salinity and temperature differ-
ences in your answer

Explain you and your partners selection of locations with striped bass for spring
and fall (the areas you colored in). Be sure to consider salinity and temperature
differences 1n your answer.




6. Discuss why the Chesapeake Bay has a greater temperature gradient between land
and water surfaces in the fall than in the spring.

7. Typically, deeper water is cooler than shallow water, Why then, do the surface
temperatures of coastal waters get warmer farther from shore, as indicated on the
weather satellite images?

8 What possible explanations may account for the readings of -1° C for land surface
temperature on the fall weather sateliite image?

EM 7‘7?.




CHESAPEAKE BAY SALINITY

Spring Fall

MARYLAND

BALTIMORE

| MARYLAND ‘}2
\5 BALTIMORE || ‘\T/)g

thousand

] Key in parts per

Salinity: Spring and Fall: Higher river flows in spring (left) push back the ocearis saltier
influence In autumn, drier weather dirmirishes river flow and the ocean marches up
the estuary. Adapted from Cronin, The Biology of the Estuary ond White, Chesapeake
Bay: A Field Guide




MAP OoF THE CHESAPEAKE BAY
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BLUE CRAB
(CALLINECTES SAPIDUS)

he Bays Best

One can hardly say Chesapeake Bay without a picture of the blue crab

coming to mind. This pugnacious creature has been the honored center of attention at
many feasts over the years. Close your eyes and you can almost smell the spicCy season-
ing. Commercial crabbers harvest roughly 80 million pounds annually and recreational
crabbers take nearly as much. Blue crabs have a place of importance in the ecosystem.
They help regulate the abundance of benthic (bottom) populations by feeding upon
living and dead organisms. They serve as food for cownose rays, striped bass and blue-
fish. When small, or in its softshelled stage (after molting), the crab is a source of food
for wading birds and some mammais.

ife History
L The blue crab (Callinectes sapidus) is a crustacean,

one of a large group of animals characterized by a
hard external shell and many jointed appendages.
Other familiar crustaceans include lobsters, cray-fish,
and shrimp. Blue crabs belong to a group known as
‘swimming crabs,” identified by the paddie-like back
legs. The scientific name Callinectes is a Greek word
meaning beautiful swimmer. The sccond part of the
blue crabs scientific name, sapidus, is Latin, meaning

tasty or savory. Blue crabs are omnivorous, meaning

that they will eat just about anything, dead or alive, Zoea and Megalops

including other crabs. Living or decaying vegetation

also comprises part of their diet.

The shell of the adult crab is dark green on top and
white underneath. A deep blue coloring on the top
of the large claw gives this crab the common name
“Dlue crab.” A crabs sex can be determined by the
shape of the abdomen or “apron” on the underside
of the crab. A male crab has an apron which is
shaped like an inverted “T.” An adult female’ is broad
and rounded, while an immature females is more tri-
angular. Red tips on the claws also indicate that the
crab is a female. A fernale carrying a cluster of orange

eggs beneath her apron is known as a “sponge crab” Male and Female
and is nearing spawning time.

A crab increases in size through periodic molting or shedding of its shell. The hard shell

is incapable of expanding and must be shed in order for the new, soft, shghtly larger

shell to be exposed. The crab pumps water into its body to enlarge the new shell and

within a tew hours, the shell harders. In its first stage of life, the MICrOSCopIC young blue

crab is known as a "zoea” and lives a planktonic or free-floating existence. After molting

about seven times, the zoea reaches a se: ond larve stage known as a “megalops,” look-

ing like a cross between a crab and a lobster After one more molt, however. the “first ‘

crab,” no bigger than a “BB " 1s revealed. The “first crab” begins migrating from its birth-
place in the southernmost part of the estuary to tidal rivers and throughout the Bay.

P
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In 12 to 18 months, the juvenile crab reaches
maturity and measures about 5 inches from
point to point across the back. The mating of
the crab starts as the male crab struts about,
posturing with his claws and walking on tip-
toes. At the end of the courtship. the female
turns her back to the male and may try to back
underneath him. The male crawls on top and
cradles her between his walking legs until she
molts, t which time mating occurs. Cradling
insures proper timing for mating and protection
of the female while she is soft and vuinerable
cunng and after molting. After the females sheil
hardens again, the crab couple go their sepa-
fate ways  The male crabs remain in the fresher Shedding Blue Crab
reaches of the Bay and its tributaries until fall,

then move to deeper water. The female crabs migrate

{0 sPAWNING dreas near the mouth of the Chesapedke Bay

by the end of fall where the eggs will hatch the following summer.

rabs and Watermen

Blue crabs provide @ commercidl resource thdt many w.atermen and sedtood enterpris-
s depend 041 for therr velihooc. Starting in late April and often continuing through
Decembet weatermen set out In the pitch-black morning in search of the blue crab. As
dewil breaks, tne watermen, clad in ollskin
aprons and rubber gloves, mark the beginning of
A new day by kicking their hydraulic “pot-pullers”
nto motion. With gaffs in hand. they pull in the
(rab pots filled with the adult female that prevail
i the southern Bay. Moving to deeper waters
(he watermen harvest the larger male crabs As
winter approaches, the blue crabs conceal them-
“elves 1 the bottom mud. In the southern Bay,
the most determined watermen then resort to
chredoing the bottom for the soicculent treasure
Decause scaraty brings higher prices.

Wetermen

esource at Risk

Sttty the 192305, the harvest of crabys steadily moreased for many years, adue m
Dot to mcreased ishing. in 1970, however, d downward trend Hegan and the blue
Catcatch dropped thioughout the Bay: In 1980, the trend adain changed and the
Dioc b hanvest ncreasord No one knows for certam sha condmonsantluence o

e ond Lol yodn or a, or cateh year The temporary hovnty of this speaes does not
prcdiate thotat o the Bay hs no problenis
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Biologists are now studying the blue crab to understand how its numbers are affected
by a deteriorating Bay environment. One factor which has been found to have a defi-
nite impact on the crabs habitat 1s nutrient pollution. High discharges or runoff of
phosphates and nitrates from sewage plants and farm fields causes overfertilization cf
water wtich, in turn, leads to massive algal blooms. When these free-floating, micro-
scopic plar ts die, they decom,.use, leaving the water low in dissolved oxygen Areas of
low dissolve 1 oxygen are increasing in the Bay. When water containing a low amount
of dissolved cxygen is pushed toward shore by winds, crabs will avoid it, even to

the extent of rurning onto land, a phenomenon known as & “crab war

The blue crab popr ‘ation is Not N serious jeopardy At this tme, ds re populations of
American shad ana oyster This treasure of blue crabs, however, may suffer adverse con-
sequences if overharvesting occurs or the quality of its water heabitet deteriorates further
For more informanon on Chesapeake Bay restoration, contact,

U.S. Fish and Wildlife Service Chesapeake Bay Fstudry Program

180 Admiral Cochrane Drive, Suite 535

Annapols, MD 21401
(301) 224-2732

e Crab Facts

*  Other common names for the biue crab indude edible crab, Selly crah (young ‘
females). sook (adult females), and jmimy, imimy dick, or channeler {large: male crebs)

= Female blue crabs mate at the tme of therr final molt from the immature 1o the
adult stage, and then migrate toward the lower Bey

* The female blue crab stores the male’s sperm in specialized sacs, ahere it can sur
vive for up to a year betore fertihization teakes place

*  The female crabs orange egg meass may contain 2 nulhion ecggs!

o OQutof this amazing number of eqggs, fess than one percent will teach Mmatunty

* Al Maryland blue crabs begin then ives in Vircgimia The larvae are carried out of
the bay by surface currents soon dfter hatching Salinities on the continental shelf
that range from 28 to 34 parts per thousand dre optimum for the tny larvee After
O weeks or so. medgalopae return to the Boy

©  After reaching matunty, crabs ive an average of Lycar and rarcly more than 2 YOS

* While they arean thor vainerable sottshiell stacge: bioe craby find protection i
underwdter rass beds or m shialiow seater from prodators soch s fish cow nose
rays, and even other bitie rabs

*  The sottshell crab indasy hecan i Coshold. Moryvlond m the 1870+

*  More blue crabs are harvested from Chesapedke Bay thon anywhere cise .

576
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U.S. Fish and Wildlife Service

The Chesapeake Bay is the largest estuary in North America. Its waters provide food

and habitat for an abundance of fish and wildlife. It serves as a highway for commerce,
a playground, a storehouse of food, and a home for the 13.6 million people who live
in its vast watershed. But in recent years the Chesapeake has become less able to sup-
port the fish and wildlife it once did. Increasing amounts of excess nutrients, sediment,
and toxic substances are causing serious ecological problems in the Bay. Studies show
alarming declines in species of fish and wildlife and in the habitat available to them.

The U.S. Fish and Wildlife Service is one of many Federal, State, and local agencies and
private organizations engaged in the Chesapeake Bay restoration program to reverse
the damage already done, to arrest further degradation and to restore the Bay——as
nearly as time, technology and resources allow— to its former produclivity

As one of the primary Federal stewards of the nations iiving natural resources, the U.S,
Fish and Wildlife Service provides leadership in habitat and wetlands protection, fish
and wildlife research, technical assistance, and in the conservation and protection of
migratory birds, anadromous “shes certain marine mammals. and threatened and
endangered species. The Service dlso manages more than 450 National Wildlife
Refuges and 70 National Fish Hatcheries across the country, including more than
dozen in the Bay area.

Take Pride in Chesapeake Bay!
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STRIPED BAss
(MORONE SAXATILIS)

esource at Risk

Since colonial days. East Coast fisherman have delighted in the striped bass, o nigratory
fish known for its size and fighting ability. Striped bass. often called rockfish in
Chesapeake Bay, have long been an important commercial and game tish from North
Carolina to Maine. During the 1970s and 1980s, striped bass dec lincd alarmingly,
especially in the Chesapeake, once the spawning and nursery, grourd for nearly 90
percent of the Atlantic population.

From a record commercial catch of 14.7 million pounds in 197 3, the barvest cropped to
17 million pounds just 10 years later. Sport fishermen report an equidily severe cdrop in ther
harvest. The decline translated into a loss of about 7.000 jobs and $220 mithon in 1980

Causes for the decline were numerous and interwoven. They inctudoed overtishing, nol
lution, and the: degradation or loss of habitat Recently. due to improved mdanagement

techniques, a hdtchery, program and increased public awarencss. the: SHHDEY PONULALoN
has improved

ife History

The sitvery, striped boss gets its name from the 7 or 8 dark, continuous ines Aong the
sides of its body. Most striped bass weighing more than 30 pounds are female. The fish
can weigh up to 100 pounds and reach nearly five feet in lenghl ‘

Striped beiss spawn i fresh weiter but spend maost of their adult Ives in the ocean
On the Atlantic coast they range from the St. Lawrence River in Canada to Florickrs,
St Johins River although they dre most prevalent from Maine to North € ool

After about 3 yedrs, at the juvenile stage, the females begin to migraite to the ocean
where they mature. The males tend to remain in the estuary longer than the females
After 5 1o 7 years, females return to spawn for the first time 1t takes soverdl yers for
speawning females to reach full productivity. An average 6 yearold femele proddices,
half o million eqggs while o 15 year-old can produce three million

When water temperature begms to nise in the SPring. mature fishs begim then spowsnimg
runs. Most Atlantic. Coast striped Hass spawn in freshwater rivers aned strean s of
Chesapeake Bay Other important arcas include the: Hudson River Dolonvare Rieer e
rvers along the North Caroling coest

Once the female deposits her s, they an
fertilized by milt (spermj ejected from the
males Because they are only semibuoyant,
the eqgds require enougn water flow to stay
stspended tor 2 o 3 oy unnl thiey hatch

Larval strpred bass obtain nutnients from the

yolk sac for about 5 days after hatching The
larvae dre particalany vainerable to pollttion,
starvation. aned predatorns clunmeg this stacge
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ause for Concern

The decline of Atlantic striped bass was so alarming that Congress enacted an
Emergency Striped Bass Act in 1979. Under the Act, a study was initiated to assess the
size of the migratory stock, investigate the causes of decline, calculate its economic
importance and recommend measures for restoration.

From this research, scientists from the U.S. Fish and Wildlife Service, state agencies «nd
universities discovered new information about striped bass to assist them in restoration.
Careful assessment of the present stock showed that, because of overfishing, the
striped bdss population was much more susceptible to natural stresses and pollution
They also discovered that fluctuation of water temperatures at spawning grounds 1s the
most significant natural stress the fish face.

Rosearch conducted 1 the Chesapeakes Nanticoke and Choptank Rivers indicated that
highly acichic rein reacts with dluminum in the sail, causing it to dissolve in the water The
combination of high acdity and aluminum is lethal to newly hatched stripers. Larvel
striped bass are also very susceptible to toxic pollutants like arsenic, copper, cadmium,
aluminum. and malathion, @ commonly used pesticide. Studies showed that chlorina-
tion of effluent from sewdage plants and electric power stations adversely affects zoo-
plankton, leading: ding to starvation of newly hatched striped bass that feed on it

The study team also condluded that reducng fishing pressure would have an immedi-
ate positive effect by enabling females with eqggs to spawn An Atlantic Stares Marine
Fishery Comnussion mandgerment plan, based perty on recommendaitions of this study.
sot size and pound mits to reduce the catch

In 1985, Maryland imposed d totdl mordatorium on stnped bass. Virginia followed by
hanming striped bass fishimg in spawning dreas. Four years later. Virginia also imposed
a total ban on striped bass fishing. However. fishery managers knew that harvest
restric Lions dlone would not permanently restore striped bass to the Bay.

ringing the Striper Back

Under the Fmergency Strped Bass Restoration Act, Congress designated the Fish and
Wildlife Service as the lead federal agency to determine the cause of the fisherys decline
triped bass restoration began n 1980, Water quality problems on spawning grounds
were evaludted. By 1985, o coastwide striped bass tagging and hatchery program weds
nitiated to detenmine the rates of explotation and ndatural morality. and determine if

fatchery reared ish could supplement wild stocks 1 severely depleted rvers

Fisticry managers and biologists from the Fish and Wildlife Foundation, Nationdal Marine
Frhiencs Service, state agenaes from Massachusetts to North Carolna and universities

Continge to porticipate n the strped bass taq
(g program: A central database, designed
and mandged by the Service, stores stocking
mtormation. nugrarory deta from tag retarns
And other infornmation upon winch manage

ment decsions are beased Anchor or “spaghetti’ tags are
inserted into juvenite strpecd Hass
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Since 1985, more than 190,000 hatchery-reared and wild striped bass have been
tagged with external anchor or “spaghetti” tags. Anglers returned more than 30,000
of these tags by 1993. In adiition, all hatchery-reared striped bass, more than 9 million
fish in all, are tagged with tiny micro-encoded pieces of wire that angiers cannot see
but researchers can read with specialized equipment. These hatchery-reared striped
bass provide managers with information about population dynamics, growth and
migratory patterns.

In 1988, hatchery fish comprised nearly 50 percent of Maryland, land juvenile
striped bass in some rivers like the Patuxent. Today. as hoped, wild fish far outnum-
ber hatchery fish. Evaluations continue on the potential contribution of hatchery fish
to depleted stocks.

During the years of the moratorium in Maryland, fishery managers continued to moni-
tor striped bass populations in Chesapeake Bay. In particular, the juvenile index survey
was closely watched. Conducted annually since 1954, this survey of the young-of-the-
year reflects the success of spawning. The striped bass management plan set a goal for
loosening restrictions based on this index. The juvenile indices averaged from 1987 to

1989 met the management plan goal

In 1989, both Virginia and Maryland lifted their moratoriums on striped bass. Limited
commercial and recreational striped bass fishing resumed.

he Future of the Fishery ‘

Striped bass stocks continue to gradually increase. The 1993 juvenile index was the
highest since the survey first began. Besides the young-of-the-year index, managers
have noted an increase in adult striped bass and in the proportion of spawning
females, age 8 or older. This information is critical to establishing fishing seasons,
minimum fish lengths, daily catch limits and harvest quotas.

Since Chesapeake Bay is the primary, spawning and nursery area for 70-90 percent of
Atlantic stock of striped bass, restoration depends on protecting and improving habitat
and water quality We have much to gain from restoring striped bass and Chesapeake
Bay. we have much more to lose if we decline the challenge. Through harvest restric-

tions, pollution control, stocking and commitment, we can restore the striped bass to
Chesapeake Bay.

For more information contact

U5 Fish and Wildlife Service Chesapedke Bay Estuary Program
177 Admural Cochrane Drive

Annapolis, MD 21401

(4104224 2737




Striped Bass Facts

» 70-90 percent of the striped bass in Atlantic coast waters spawn in Chesapeake
Bay tributaries.

» At one time striped bass were used to fertilize fields, so great were their numbers.
»  Maximum weight recorded for a striped bass is 125 pounds; age is 31 years.

» Oider striped bass produce more eggs than younger fish and the eggs are of
higher quality.

U.S. Fish and Wildlife Service

The Chesapeake Bay is the largest estuary In North America. Its waters provide food and
habitat for a great variety of fish and wildlife. It serves as a highway for commerce, a
playground, a storehouse of food, and a home for the 13.6 million people who live in
its vast watershed. But in recent years the Chesapeake has become less able to support
the fish and wildlife it once did. Increasing amounts of nutrients, sediment, and toxic
substances are causing serious ecological problems in the Bay. Studies show alarming
declines in populations of fish and wildlife and in the habitat available to them.

The U S Fish and Wildlife Service is one of many federal, state, and local agencies and
private organizations engaged in the Chesapeake Bay restoration. Nationally, the Service
provides leadership in habitat and wetlands protection, fish and wildlife research, techni-
cal assistance, and in the conservation and protection of migratory, birds, anadromous
fishes. certain marine mammals, and threatened and enddangered species.

The Service also manages more than 500 national wildlife refuges and 75 national fish
hatcheries across the country, including more than a dozen in the Bay area.
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figure 103. NOAA 12, Chesap.eake Bay on Apnil 20, 1994
Image courtesy of D Peters, Linganore High School, Frodenck, Maryland
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fgure 104 NOAA 12, Chesapeake Bay on May 3, 1994
imae courtesy of D Peters, Linganore Hign Scnool, Fredenck, Maryland
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figure 1044 NOAA 12, Chesapeake Bay on May 3, 1994, with tempertures
imaqge courtesy of D Peters, Tinganore High Schoal, Frederick, Maryland

ot




fiqure 105 NOAA 12, Chesapeake Bay on Sepiember 1,199 3
imaqe cartesy of D Peters. Linganore High School, Fredenck, Maryland
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Chesapeake Bay  Long Island

fiqure 106. NOAA 12, Chesapeake Bay on November 7, 1994, showing hurnicane
image courtesy of D. Peters, Linganore High School. Fredenck, Moryland
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GLOSSARY

adiabatic

Process without transfer of heat, compression results in warming, expansion results in
coolinc

advection
Horizontal transfer of any atmospheric property by the wind.

air mass

Large body of air, often hundreds or thousands of miles across, containing air of a simi-
lar temperature and humidity. Sometimes differences between masses are hardly
noticeable, but if colliding air masses have very different temperatures and humidity
values, storms can erupt.

air pressure

The weight of the atmosphere over a particular point, aiso called barometric pressure.
Average air exerts approximately 14.7 pounds (6.8 kg) of force on every square inch
lor 101,325 newtons on every square meter) at sea level. See millibar.

albedo

The ratio of the outgoing solar radiation reflected by an object to the incoming solar radi-
ation incident upon it.

aito

From the Latin altum (height), the prefix is used to describe some middle height
clouds. See clouds.

apogee
The point on an orbital path where the satellite is farthest from the Earths center.

reflected orbital‘ plane apogee
Yis, N \‘ /!
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APT, Automatic Picture Transmission

System developed to make real-time reception of satellite images possible whenever an
APT-equipped satellite passes within range of an environmental satellite ground station.
APT images are transmitted by U S. polar-orbiting TIROS-N/NOAA satellites which orbit
500-900 miles above the Earth and offer both visible and infrared images.

argument of perigee (w)

One of six Keplerian elements, it describes the rotation of the sateliite on the orbit. The
argument of perigee is the angle from the ascending node to perigee. The angle is
measured from the center of the Earth. For example, when o = 0 degrees, apogee
would occur at the same place as the descending node.

ascending node

The point in an orbit {longitude) at which a satellite crosses the equatorial plane from
south tn north.

azimuth

The angle measured in the widne of the horizon from true north clockwise to the
vertical plane through the satellite.

1 —
N North Star
example shows

azimuth of 30°

.s_

figure 109. ascending ncde figure 110. azimuth

baroclinic
Instability :n the atmosphere arising from a meridional temperature gradient.
Extratropical cyclones are associated with strong baroclinicity.

bit
A contraction of ‘binary digit.” The basic element of a two-element (binary} computer
languaqe.

byte

A unit of eight bits of data or memory 1n computer systems

catalog (object) number
A five-chgit number assigned to a Cataloged orbiting object. This number 15 found in
the NASA Sateliite Situation Report and on the NASA Prediction Bulletins ‘




centrifugal

An apparent force present in a rotating system which deflects an object outward from
the axis of rotation.

cirrus
See cloud.

Clarke Belt

A belt 22,245 miles (35,800 kilometers) directly above the equator where a satellite
orbits the Earth at the same speed the Earth 1s rotating. Science fiction writer and
scientist Arthur C. Clarke wrote about this belt in 1945, hence the name.

cloud

A visible mass of water droplets or crystals suspended In the atmosphere above Earths
surface. Clouds form in areas where air rises and cools. The condensing water vapor
forms small droplets of water(0.012 mmj that, when combined with billions of other
droplets, form clouds. Clouds can form along warm and cold fronts, where air flows
up the side of the mountain and Cools as it rises higher into the atmosphere, and
when warm air blows over a colder surface, such as a cool body of water.

Clouds fall into two generdl categories: shect-like or layer-looking stratus clouds (stratus
means layer) and cumulus clouds {cumulus means piled up). These two cloud types
are divided into four more groups that describe the clouds altitude.

' High clouds form above 20,000

feet in the cold region of the tro- cloud groups and abbreviations
posphere, and are denoted by the
prefix CIRRO or CIRRUS. At this alti- high clo. .1s low clouds
tude water almost always freezes 0O cirrus (Ci) stratus (St)
clouds are composed of ice crystals. . [
The clouds tend to be wispy, are cirrostratus (Cs) styatocumulus (Sc)
often transparent, and include Cir- cirrocumulus (Cc)  nimbostratus (Ns)
rus, cirrocumuius, and cirrostratuis.

| middle clouds vertical clouds
Middle clouds form between | altostratus (As) cumulus (Cu)
6,5C0 and 20,000 feet and are altocumulus (Ac)  cumulonimbus (Cb)
denoted by the prefix ALTO. They e e e
are made of water droplets and
include altostratus and dltocumulus figure 111

Low clouds are found up to 6,500 feet and mciude stratocumulus, NiMbostratus, Jnd
stratus clouds. Nimbostratus clouds are fow, thick, dark gray douds that produce
steady rain or snow. They are actually the lowering and thickening ot altostratus
clouds, and are composed of water droplets and ice crystals When stratus clouds con-
tact the ground they are cdlled fog Vertical douds, suc h as cumulus, nise far above
their bases and can form at many heights Cumulonimbus dodids, or thunderheads,
can start near the ground and soar up to /5,000 feet

cloud deck
See satellite signature
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cloud shield
Vernacular term for cloudy area associated with a weather disturbance such as an

extratropical cyclone or hurricane. In the case of the extratropical cyclone, the cloud
shield is typically a comma form.

cold front
See front.

comma cloud
The shape of the cloud pattern associated with mature mid-latitude cyclones.

convection

The rising of warm air and the sinking of coo! air. Heat mixes and moves air. When a
layer of air receives enough heat from the Earths surface, it expands and moves
upward. Colder, heavier air flows under it which is then warmed, expands and rises.
The warm rising air cools as it reaches higher cooler regions of the atmosphere and
begins to sink. Convection produces local breezes, winds, and thunderstorms.

convergence
Over a period of time, more air flows into a given region than flows out of it.

coordinated universal time (UTC)

Also known as Greenwich Mean Time (GMT) and Zulu time, it is the local time at zero
degrees longitude at the Greenwich Observatory, England. UTC uses a 24-hour clock,
1.e., 2:00 pm is 1400 hours, midnight is 2400 or 0000 hours.

Coriolis effect
An apparent force present in a rotary system such as the Earth.

crest

The highest part of a wave. Radiant energy and weather features can be described
mathematically as waves.

culmination
The point at which a satellite reaches its highest position or elevation in the sky relative
to an observer. Also known as the closest point of approach

cumulonimbus
See cloud.

cumulus
See cloud.

decay or period decay

The tendency of a satellite to lose orbital velocity due to the influences of atmospherie
drag and gravitational forces. A decaying object eventually impacts the surface of the
Earth or burns up in the atmosphere. This parameter directly affects the satellites mean
motion. It is a real number measured in terms of revolutions per day per day
(REV/DAY/DAY). et
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declination

The angular distance from the equator to the satellite measured positive north and
negative south.

density

mass of a substance

volume occupied by a substance

Usually expressed in grams per cubic centimeter or kilograms per cubic meter.

dew point
The temperature to which air must be cooled for saturation to occut;, exclusive of air

pressure or moisture content change. At that temperature dew begins to form, and
water vapor condenses into liquid.

drag

A retarding force caused by the Earths atmosphere. Drag will act opposite to the vehi-
cle’s instantaneous velocity vector with respect to the atmosphere. The magnitude of
the drag force is directly proportional to the product of the vehicles cross-sectional
area, its drag coefficient, its velocity, and the atmospheric density, and inversely propor-
tional to its mass. The effect of drag is to cause the Orbit to decay, or spiral downward.
A satellite of very high mass and very low cross-sectional area, and in a very high orbit,
may be very Iittle affected by drag, whereas a large satellite of low mass, in a low alti-

tude orbit may be affected very strongly by drag. Drag is the predominant force affect-
ing satellite lifetime

eccentricity (e)

One of six Keplerian elements, it describes the
shape of an orbit. In the Keplerian orbit model,
the satellite orbit is an ellipse, with eccentricity
defining the shape of the ellipse. When e = 0,
the ellipse Is a circle. When e is very near 1, the
ellipse is very long and skinny.

e = 0 = > circular orbit

0 <e < 1 = > elliptical orbit

(0]
]
—
]

> parabolic orbit
ecosystem

Entity inc luding Iiving and non-living parts that e>1
interact to produce a stable system through the
cychc exchange of matenal.

> hyperbolic orbit

eddy

A smadll volume of fluid, embedded within a
larger fluid, that exhibits motion different from
the average motion of the fluid. An example of

eddy motion dare the circular swirls observed in figure 112 eccentnaty
rapict niver flow

e=0 ’ e=,2




electromagnetic spectrum

The entire range of radiant energies or wave frequencies from the longest to the
shortest wavelengths—the categorization of solar radiation. Satellite sensors collect this
energy. but what the detectors capture is only a small portion of the entire electromag-
netic spectrum. The spectrum usually is divided into seven sections: radio, microwave,
infrared, visible, ultra-violet, x-ray, and gamma-ray.

element set
Specific Information used to define and locate a particular satellite. See Keplerian elements.

ephemeris
A series of points which define the position and motion of a satellite

epoch
A specific time and ddte which 1s used as a point of reicrenice; the time at which an ele-
ment set for a satellite was last updated.

epoch day

Epoch specifies the day and fraction of day for the particular description of a satellite
orbit. This number defines both the Julian day (whole number part of the value) and
the time of day (fractional part of the value) of the data.

epoch year
Epoch specifies the day and fraction of day for the particular description of a satellite
orbit. This number defines the year that the epoch day describes.

erosion

The wedrnng away of the Farths surtace by any natural process, such as rain, wind,
waves, dand floods

equator
Animaginary circle around the Earth that s everywhere equally distant (90°) from the
North Pole and the South Pole. The equator 1s a great circle and defines 0° latitude.

extratropical cyclone
A closed circulation-—characteristic of non-tropical regions in the northern heni-
sphere-—which rotates counter clockwise about o center of low pressure.

Ferrel cell

The middie cell of the three-coll general arculation moded In the Northern
Hemisphere, the Ferrel cell exhibits downwerd moton at roughly 20°-30° north, and
upwarct motion «t roughly 407 -50" north

forecast
prediction

front

A bounddary between two different air messes The difference between two arr masses
sometmes s unnoticeable But when the coliiding air masses have very different tem
peratures and amaounts of water m them. turbulent weather ¢an erupt
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A cold front occurs when a cold air mass moves into an area occupied by a warmer air
mass. Moving at an average speed of about 20 mph, the heavier cold air moves ina
wedge shape along the ground. Cold fronts bring lower temperatures and can create
narrow bands of violent thunderstorms. In North America, cold fronts form on the east-
ern edges of high pressure systems.

warm

figure 113. warm front figure 114. cold front

A warm front occurs when a warm air mass moves into an area occupied by a colder
air mass. The warm air is lighter, so it flows up the slope of the cold air below it. warm
fronts usually form on the eastern sides of low pressure systems, create wide areas of
clouds and rain, and move at an average speed of 15 mph.

When a cold front follows and then overtakes a warm front (warm fronts move more
slowly than cold fronts) lifting the warm air off the ground, an occluded front forms.

A front that is nearly stationary with winds blowing almost parallel and from opposite
directions on each side of the front is a stationary front.

geostationary

Describes an orbit in which a satellite is always in the same position (appears station-
ary) with respect to the rotating Earth. The satellite travels around the Earth in the
same direction, at an altitude of approximately 35,790 km (22,240 statute miles)

because that produces an orbital period equal to the period of Earth’s rotation (actually
23 hours, 56 minutes, 04.09 seconds).

Geostationary Operational Environmental Satellite (GOES)

NASA-developed, NOAA-operated series of satellites that:

s provide continuous day and night weather observations,

« monitor severe weather events such as hurricanes, thunderstorms, and flash floods.

 relay environmental data from surface collection platforms to a processing center.

e perform facsimile transmissions of processed weather data to low-Cost receiving stations,

« monitor the Earths magnetic field, the energetic particle flux in the satellites vicinity,
and x-ray emissions from the sun.

oy 4
1 - '
[ G VN




GOES observes the U.S. and adja-
cent ocean areas from geostationary
vantage points approximately
35,790 km (22,240 miles) above the
equator at 75° west and 135° west.
GOES satellites have an equatorial,
Earth-synchronous orbit with a 24-
hour period, a resolution of 8 km,
an IR resolution of 4 km, and a scan
rate of 1864 statute miles in about
three minutes. figure 115. GOES 7 (left) and GOES & (right)

The transmission of processed weather data (both visible and infrared} by GOES is
calied weather facsimile (WEFAX). GOES WEFAX transmits at 1691 + MHz and is accessi-
ble via a ground station with a satellite dish antenna.

geostrophic wind (Vg)
Horizontal wind velocity present when the Coriolis force is balanced by the pressure
gradient force. This is approximately t-ue of air flow above the Earths surface.

geosynchronous
Synchronous with respect to the rotation of the Earth. See geostationary.

Hadiey cell

Single-cell model of circulation that assumes Earth is uniformly covered with water, that
the Sun is always directly over the equator, and that the Earth does not rotate.
Circulation consists of a closed loop with rising air over the equator and sinking air
over the poles.

horse latitudes

Latitudes 30°-35°N (or south) over the oceans, characterized by light winds and
warm, dry conditions.

hydroscopic
Water-attracting

inclination (i)

One of the six Keplerian elements, it indicates the angle of the
orbit plane to the central bodys equator. The orbital plane
always goes through the center of the Earth but may be tilted
atany angle relative to the equator. Inclination is the angle
between the equatorial plane and the orbital plane measured
counterclockwise at the ascending node. A satellite in an orbit
that exactly matches the equator has an inclination of 0°, figure 116, inclination
whereas one whose orbit crosses the Earths poles has an incli-

nation of 90°. Because the angle is measured in a counterclockwise direction, it is quite pos-
sible for a satellite to have an inclination of more than 90° An inclination of 180° would
mean the satellite s orbiting the equator, but in the opposite direction of the Earths rotation
Some sun-synchronous satellites that maintain the same ground track throughout the year
have inclinations of as much as 98° U S scientific satellites that study the sun are placed in
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orbits closer to the equator, frequently at 28° inclination. Maost weather satellites are placed
in high-inclination orbits so they can oversee weather conditions worldwide.

infrared radiation (IR)

infrared is electromagnetic radiation whose wavelength spans the region from about
0.7 to 1000 micrometers (longer than visible radiation, shorter than microwave radia-
tion). In the far infrared, emissions from the Earths atmosphere and surface offer infor-
mation about atmospheric and surface temperatures and water vapor and other trace
constituents in the atmosphere. Since IR data are based on temperatures rather than
visible radiation, the data may be obtained day or night

insolation
The rate of solar radiation reaching the surface of the Earth.

international designator

An internationally agreed upon naming convention for satellites. Contains the last two
digits of the launch year, the launch number of the year and the piece of the launch,
i.e., Aindicates payload, B-the rocket booster, or second payload, etc.

Intertropical Convergence Zone (ITCZ)
Area near the equator where the northeast trade winds converge with the southeast
trade winds. Narrow bands of thunderstorms and persistent cloudiness typifies this area.

isobars
Lines of equal pressure, usually a feature of surface weather maps.

jet stream
Ribbons of strong winds found in the upper troposphere.

Julian day figure 117.
Calendar system that consecutively num-
bers days from the beginning of the
year. January | has a Julian count of 1,

February 28 is 59. This number may
a semi-major axis, gives the size of the orbit
range from 1.0 to 366.999999999 e eccentricity, gives the shape of the orbit
(on leap years). i inclination angle, gives the angle of the
orbit plane to the central body's equator
Keplerian elements Q2 right ascension of the ascending node,
(aka orbital elements) which gives the rot'anon of the orbit plane
Al led classical el el from reference axis
so called classical elements, satellite @ argument of perigee gives the rotation of
elements. element set, etc Includes the the orbit in its plane
catalog number (epoch year, day, and 6 true anomaly gives the location of the
fraction of day); period of ascending satellite on the orbit
node, mean anomaly, mean motion; geocenter ,
revolution number at epoch; and perigee

element set number.

knot
Unit of speed of one nautical mile
(60761 feet) per hour

.- 2a

2a is major axis




latitude

The angle between a perpendicular at a
location, and the equatorial plane of the
Earth. Latitude is measured in degrees
north or south of the equator (the equator
is 0°, the North and South Poles are 90° N
and 90° S, respectively).

satellite orbit

orbital plane
latitudinal temperature gradient
See temperature gradient.

line-of-apsides
(aka major axis of the ellipse)
The straight line drawn from the perigee to /

the apogee. See figure 108. equatorial
plane
line-of-nodes

The line created by the intersection of the
equatorial plane and the orbital plane.

longitude i line-of-nodes
The angular distance from the Greenwich
(zero degree) meridian, along the equator.

loop
A series of images connected to form a
movie-like view of the atmosphere.

orbital plane

mean anomaly figure 118. lines-of-nodes
Specifies the mean location (true anomaly

specifies the exact location) of a sateliite on an orbit ellipse at a particular time, assum-
ing a constant mean motion throughout the orbit. Epoch specifies the particular time
at which the satellite’s position is defined, while mean anomaly specifies the location of
a sateliite at epoch. Mean anomaly is measured from 0° to 360° during one revolution.
Itis defined as 0° at perigee, and hence is 180° at apogee.

mean motion

The averaged speed of a satellite in a non-circular orbit {i.e., eccentricity > 0). Satellites
in circular orbits travel at a constant speed. Satellites in non-circular orbits move faster
when closer to the Earth, and slower when farther away. Common practice is to com:-
pute the mean motion [average the speed), which is measured in revolutions per day.
The number may be greater than 0.0 and less than 20.0.

meridional flow
Airflow in the north-south direction, that is motion along meridians.

mesoscale

Scale of atmospheric motion that covers the range from a few kilometers to several
hundred kilometers—nn the horizontal. Examples of meteorological effects that occur in
the mesoscale are: squall lines, tornadoes, and sea breeze fronts.
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mid-latitude
Region of the Earth between 30°-50° lattude

millibars (mb)
One thousandth of a bar, a unit of atmospheric pressure. The average atmospherc

pressure at sea level is 1.01325 bars or 1013.25 mb.

National Aeronautics and Space Administration (NASA)
U S. Civilian Space Agency created by Congress ounded in 1958, NASA belongs to

the executive branch of the Federal Government

NASAs mission to plan, direct, and conduct aeronautical and space activities 1s imple-
C., and by ten maor centers spread

mented by NASA Headqguarters in Washington, D.

throughout the United States. Dozens of smaller facilities, from tracking antennas to
Space Shuttle landing strips to telescopes are located around the world. The agency
administers and maintains these facilities, builds and operates launch pads: trains astro-
nauts; designs aircraft and spacecraft; sends satelites into Earth orbit and beyond. and

processes, analyzes, and distributes the resulting ddta and information

NASA Prediction Bulletin
Report published by NASA Goddard Space Flight Center providing the latest orbital

information on a particular satellite. This report gives information 1N 3 pdarts:
1. the two line orbital elements,

2. longitude of the south to north equatorial crossings, «nd

3. longitude and heights of the satellite crossings for other lautudes

National Oceanic and Atmospheric Administration (NOAA)

NOAA was established in 1970 within the U.S. Department of Commerce to ensure
the satety of the general public from atmospheric phenomend 4nd to provide the Hub-
lic with an understanding of the garths environment and resourr es. NOAA Includes
the National Ocean Service, the National Marine Fisheries Service, the NOAA Corps
(operates ships and flies aircraft), and the Office of Oceanic and Atmospheric Research
NOAA has two main components: the National Weather Service (NWS) and the
National Environmental Satellite, Data. and Information Service INESDIS)

nimbostratus
See cloud.

occlusion or occluded front

In a mature cyclonic disturbance, octiusion OLeLrs
when the cold front overtakes the leading wadrm
front. The warm air that was ahead of the cold front
s Iifted above the surface by the cool. dense air
associated with the front. On weather maps, the
occlusion 1s denoted by a line that contains both
werm and col- front symbols on the same sicle

satellite orbit
orbital piane

orbital plane

An imaginary qigantic flat plate ContamIng «n
Carth satellites orbir The orbital plane passes
through the center of the Earth

frie e 119 arbital ploane




parameter
An arbitrary constant used as a reference for determining other values.

perigee

The point in the satellites orbit where it 1s closest to the surface of tri. Earth. See figure 108.
polar orbit N near 90-orbit
An orbit with an orbital inclination of near 90°, where =

the satellite ground track will cross both polar regions
once during each orbit. The term is used to describe the
near-polar orbits of spacecraft suc h as the USAS
NOAA/TIROS satellite.

precipitation

Moisture that falls from clouds. Although clouds appear to
float in the sky. they are always falling. therr .vater droplets
slowly being pulled down by gravity. Because their water
droplets are so small and light, it can take 21 days to 1all
I.000 feet and wind currents can easily interrupt their

descent. orbit path S

Liquid water falls as rain or drizzle. All raindrens form around figure 120, polar ortat

partcles of salt or dust. (Some of this dust cor es from v, ly

meteorites and even the: tails of comets.} Water or ice droplets stick to these particles, then

the diops attract more water and continue getung bigger until they dre large enough to fall ‘
out of the cloud. Drizzle drops are smaller than raindrops.

In' many clouds, raindrops actually begin as tiny ice crystals that form when part or all of a
Clouct 1s below freezing. As the ice crystals fall inside the cloud, they mdy collide with water
dropicts that freeze onto them (when the water vapor changes directly into ice—without
becoming iquid first—it is called depositton). The ice crystals continue to grow larger. until
large enough to fall from the cloud. They pass through warm air, melt, and fall as randrops

When ice crystals move within a very cold cloud {10 °F and -40 °F} and enough water
droplets freeze on' > the ice crystals, smnow will fall from the cloud If the surface temperature
is colder than 32 °F the flakes will land as snow

Precipitation Weights:
one raindrop 000008 Ibs
one snowflake 0000003 Ibs
one cumulus cloud 10,000,000 Ibs
one thunderstorm  10,000,000.000 Ibs
one hurricane  10,000,000,000.000 Ibs

pressure gradient force (PGF)
Forces exerted by differences in pressure within o fuid In the atmaonphere. the e gy
cirected from tigh pressure regions toward low pressare recgions

radiation

Energy transfer in the torm o electromagnetic waves o PArticlos that release cnergy
when absorbed by an object
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radiosonde
A balloon-borne instrument that measures pPressure, temperature, and moisture in the
atmosphere, and transmits these data back to Earth.

remote sensing

Remote-sensirg inst,uments work by sensing radiation that is naturally emitted or
reflected by the Earth’s surface or from the atmosphere, or by sensing signals transmit-
ted trom a satellite and reflected back to it. In the visible and near-infrared

regions, surface chemical composition, vegetation cover, and biological properties of
surface matter can be measured. In the mid-inirared region, geological formations can
be detected due o the absorption properties related to the structure of silicates.

resolution

The ability to separate observable quantities. In the case of imagery, it describes the
area represented by each picture element (pixel) of an image. The smaller the area rep-
resented by a pixel, the more detailed the image.

retrograde orbit
Satellite motion which is opposite in Jdirection to the rotation of the Earth.

revolution number

The number of revoluitons the satellite has completrd at the epoch time and date. This
number is entered as an integer between 1 and 99999.

ridge
An area of relatively high atmospheric pressure generally associated with a clockwise
(anticyclone) curvature of the troposphere.

ridge axis
A line perpendicular to the center, Or area of maximum curvature, of a ridge.

right ascension of ascending node ()
One of the six Keplerian elements, it indicates the rotation of the orbit plane from some

reference point. Two numbers orient an orbital plane in space; inclination is the first.
this is the second.

After specifying inclination, an infinite number of orbital planes are possible. The inter-
section of the equatorial plane and the orbital plane (see diagram, line-of-nodes} must
be specified by a location on the equator that fully defines the orbital plane. The line of
nodes occurs in two places. However, by convention, only the ascending node (where
the satellite crosses the equator going from south to north} is specified. The descend-
ing node (where the satellite Crosses the equator going from nc:ih to south) is not.
Bocause the Eartn spins, conventional latituce and longitudr: points are iot used to
sepdrate where the lines of node occur. Instead, an astronemical coordinate system is
used, known as the right-ascension/declination coordinate system, which does 10t
spin with the Earth. Right ascension of the ascending node is an angle, measured at
the center of the Earth, from the vernal equinox to the ascending node. For exarnple,
draw 4 line from the center of the Earth to the point where the satellite crossed the
cauator {gong from south to north) If this ine points directly at the vernal equinox.
then €2 = 0° €2 1s .1 real number with a range of degrees 0 0 to 360.0 degrees
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salinity
A concentration (as In a solution) of salt.

satellite imagery

Pictorial representation of data acquired by sateliite svstems, such as direct readout images
from environmental satellites. An image is not a photograph. An image is composed of two-
dimensional grids of individual picture elements (pixels). Each pixel has a numeric value that
corresponds to the radiance or temperature of the specific ground area it depicts.

satellite signature
The cloud shape, or cloud deck associated with a particuler weather phenomena, as

observed by satellite. For example, the comma cloud is the characteristic signature for
an extratropical cyclone.

satellite situation report
Report published by NASA Goddard Space Flight Center listing all known man-made
Earth orbiting objects. The report lists the catalog number, international designator,

name, country origin, launch date, orbital period, inclination, beacon frequency, and
status (orb’'ting or decayed)

stationary front
See front.

stratus

See cloud.
subsidence
Descending air motion

subtropical latitudes
Region of the Earth between roughly 20°-35° latitude.

sun-synchroncus

Describes the orbit of a sateliite that provides consistent lightung of the Earth-scan view.
The satellite passes the equator and each latitude at the same time each day. For exam-
ple, a satelites sun-synchronous orbit might cross the equator twelve times a day, each
time at 3:00 p.m local time The orbital plane of a sun-synchronous orbit must also pre-

Cess (rotate] approximately one degree eack day. eastward, to keep pace with the
Earths revolution around the sun

synoptic scale
Scale of atmospheric motion thdat covers the ren e of hundreds of kilometers to several
thousand kilometers in the horzontal An example of synoptic scale meteorologicai

phenomen. s are extrarropical cyclones and igh pressure systems. Compdre with
mesescéale.

temperature

A measure of the hedat eneroy in g substance. The more heat energy 1IN the substance,
the higher the temperature. The Earth recenves only one two-billionth of the enerqgy the
sun produces Much of the enerejy that hits the Farth is reflected beack into space. Most
of the energy that isn't reflectod 1 ahsorbeed by the Earth’s surface As the Eerth’s surface
WAl IS b A1SO Warms the Air above it
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temperature gradient
Rate of change of temperature. In this text, the gradient is assumed to be horizontal.

thunderstorm
Local storm resulting from warm humid air rising in a continually unstable environ-

ment. Air may start moving upward because of unequal surface heating, the lifting of
warm air along a frontal zone, or diverging upper-level winds (these diverging winds
draw air up beneath them).

The scattered thunderstorms that develop in the summer aré called air-mass thunder-
storms because they form in warm, maritime tropical air masses away from weather
fronts. More violent severe thunderstorms form in areas with a strong vertical wind
shear that organizes the updraft intc the mature stage, the most intense stage of the
thunderstorm. Severe thunderstorms can produce large hail, forceful winds, flash

floods, and tornadoes.

trade winds
Parsistent winds that blow toward the I[TCZ at an angle determined by the Coriolis force.

tropical cyclone
Closed circulations that rotate counter-clockwise in the Northern Hemisphere around

low pressure centers and originate over the tropical oceans. This category includes
tropical depressions, tropical storms, and hurricanes.

tropopause
Marks the limit of the troposphere and the beginning of the stratosphere.

troposphere
The lowest layer of the atmosphere, extending from the surface of Earth to 10-15

kilometers above.

trough
An area of lower pressure. On weather charts, d trough is the southern most portion of

a wave.

trough axis
A line perpendicular to the center, or area of maximum curvature, of 4 trough.

true anomaly
One of six Keplerian elements, it locates a satellite on an orbit. True anomaly 1s the true

angular distance of a sate!lit2 (planet) from its perigee (perihelion) as seen from the
center of the Earth (sun).

velocity
Rate of motion; speed in a particular direction.

vernal equinox
Also known as the first point of Aries, it is the point where the Sun crosses the Earths

equator going from south to north in the spring. This point in space 1s essentially fixed
and represents the reference axis of a coordinate system used extensively In Astronomy

and astrodynamics.
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visible

That part of the electromagnetic spectrum
to which the human eye is sensitive,
between about 0.4 and 0.7 micrometers.

warm front
See front.

warm sector

Region bounded by cold front to west,
warm to the north and east, and character-
ized by fair weather with warm and moist
conditions.

wavelength
The physical distance of one wave repeat.

one
wavelength

figure 121.

weather symbols

:

clear sky, no clouds

210 - 3110 cloudy

half the sky
covered with clouds

completely overcast

~ light rain
®
( J )
moderate rain
@
o0
®

heavy rain

stationary front

E

cold front

werm front

thunderstorm

%%

tight snow

%
%%

moderate snow

W
od

heavy snow

figure 122. weather symbols

Symbols used in the text are illustraied in the chart.

wind

A motion of the air, especially a
noticeable current of air moving in
the atmosphere parallel to the
Earths surface. Winds are caused
by pressure differences—as modi-
fied by such effects as the Coriolis
force, the condensation of water
vapor, the formation of clouds, the
interaction of air masses and frontal
systems, frictton over land and
water, etc. Large scale pressure dif-
ferences are driven by unequul
heating and cooling of the Earth
and atmosphere due to absorbed,
INncoming solar radiation and
Infrared radiation lost to space

s A
O

prevailing westerlies xa

high SSU
—___igh pressure

northe@adfs 5/_ 5/_

low pressure

P

high pressure
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5 57

\
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active instrumentation, 70
adiabatic, 48-49, 311
assumption, 49
diagram, 48
lapse rates, 48, 49
Advanced TIROS-N (ATN) 84-86, 91
description, 84
diagram, 85
elements, 86
Advanced Very High Resolution Radiometer
[AVHRR), 86, 94
advection, 46, 311
advection fog, 46
air parcel, 44
albedo, 95, 311
diagrami, 95
altimeter, 70
American Meteorological Society, 134
American Radio Relay League, 117, 134
American Weather Ob’ rver, 134
Amsat, 134
antenna, 119-121
diagram, 119
omnuctirectional, 19
quadrifilar helix, 119
Yagi, 120
apogee, 111, 311
diagrams, 111, 112
APT. see Automatic Picture Transmission
argument of perigec, 111

diagram, 112
AskEric, 134, 141
atmosphere

diagram, 19, 272
general circulation, 22, 25

Automatic Picture Transmission (APT), 71, 84,

91 12, 94,95, 96, 150, 215, 312
background, 215
frequencies, 26

ballistic coefficient, 113

berochnic, 23, 312
instability, 23. 24
stability, 23

barochnic theory, 31

Bergen School, 74

binary, 62, 208

Birdd Dogg, 116

tit, 203, 208, 312

Bjerknes, Jacob. 724

Bjerknes, Vilhelm, 24
Blue Crab (Callinectes Sapidus), 296-298
Boarderlech Bulletin Board, 115-116, 125
Brahe, Tycho, 109
buoyancy, 47, 49
diagram, 47
byte, 203, 208, 312
Ce (see, centrifugal force)
Celestial RCP/M, 115, 125
cells, 20
Ferrel, 20, 22
Hadley, 20, 22
centrifugal force (Ce), 27-30, 313
diagram, 29
Charney, Jules, 25
Chesapeake Bay, 296, 298-303
activity, 288
images, 304-308
maps, 293-295
crroform, 51
Clarke Belt, 313
Clausius-Clapeyron equation, 44
diagram, 44
cloud, 49-50, 54, 313
abbreviations,
activities, 171, 183, 190
background, 192
classification, 198
activity, 193, 242
formation, 44, 49
formation diagram, 46-47
types, 54
altocumulus, 54. 192
altostratus, 192
cirrocumulus, 54
cirrus, 39, 51, 192, 200
comma, 22, 54
diagram, 13
cumulonimbus, 18. 54, 192, 201
cumulus, 54, 192, 192 201
stratiform, 26
stratocumulus, 54
stratus, 54, 192, 200
cloud condensation nucier (CNN), 47
cloud deck, 39,48
cloud features, 44, 2406-748
cloud tormation, 44
diagram 46 47
cloud shield, 55, 314




coastal storms 57
coaxial cable, 121-122
diagram, 122
comma cloud, 15, 22, 25, 27, 29, 44, 54, 314
diagram, 13
image, 15, 40, 41
Communications Subsystem, 82
compressed file, 62
condensation, 44-46, 48
contrails, 46
convection, 35, 47, 314
clouds, 59
convergence, 47-48, 314
Coriolis Effect, 21, 27-29, 314
diagram, 2|
cyclone, 13, 14, 31, 34, 37
associated clouds, 51
diagram, 36, 37
extratropical, 9, 12-14, 16, 24, 27, 29,
31 36-38
image, 23, 42, 43
tropr. al, 13
cyclone cloud shield, 55
cyclonic circulation, 35
cyclonic disturbance, 22, 29, 32, 55
Data Collection System (DCS), 78
Datalink Remote Bulletin Board System,
115, 125
Defense Meteorological Satellite Program
[DMSP), 73
dew point, 45-47, 315
dew point temperature, 45
diagram, 45
differential heating, 17, 19, 284
diagram, 17
direct readout, 2, 92-94, 150
channels, diagram, 94
equipment vendors, |36
uses of, 5, 93
Direct Sounder Broadcast (DBS), 84
divergence, 36
diagram, 36
downconverter, 121
drag, 315
Earth Observing System (FOS). 3
Earth Probes, 4
Earth rotation, 20
Earth station, 117
eccentricity, 111, 315
diagram, 315
ecosystem, 315

eddy, 25, 315
Educational Center for Earth Observation
Systems, 135
Educational Resources Information Center
{see, ASKERIC]
electromagnetic radiation, 69, 70
electromagnetic spectrum, 69, 95, 235, 316
diagram, 69
electromagnetic waves, 69, 71, 95
electronic bulletin boards, 115
Eliassen, Arnt, 25
emissivity, 69
energy imbalance, 17
environmenital lapse rate, 192
environmental satellites, 2, 92
(also see, Geostationary Operational
Environmental Satellites, TIROS-N)
diagram, 9
frequencies, 96
of other nations, 99

types, 9, 72
ephemeris data, 112-113, 116
diagram, 113

equatorial plane, 72
exosphere, 19
diagram, 19
feedhorn, 119, 121
Ferrel cell, 19, 20, 22
diagram, 19, 20
Ferrel, William, 20
file transfer protocol (ftp), 61, 141, 143
First Law of Thermodynamics, 48
fog. 46, 54, 199
forecast, 26, 97, 98
activity, 161, 274
impacts of, 98
satellite-delivered weather, diagram, 97
Franklin, Ben, 67
freezing rain, 57
frequency, 69
friction, 27, 29, 31
diagram, 31
frontal zone, 30, 31
fronts, 14, 24-26. 42, 316
activities, 223, 265
boundanes, 14, 43
cold, 14, 24, 26, 37, 38
diagram, 27
polar, 20
stationary, 25, 33, 37
warm, 14, 24, 26, 37




Galilei, Galileo, 67, 107
gamma-ray waves, 235
general circulation (see, atmosphere)
geostationary, 9, 119, 317
(also, see environmental satellites, types)
coverage, diagram, 83
paths, 150
Geostationary Operational Environmental
satellites (GOES), 9, 74-82, 91 96, 121,
258, 317
background, 258
comparison with polar-orbiting satellite,
91
coverage, 83
frequencies, 96
GOES 7, 74-78
GOES diagram, 75
GOES elements, 76-78
GOES image, 10, 12, 286, 287
GOES I-M satellite, 79-82
GOES I-M diagram, 79
GOES I-M elements, 79-82
GMS, 74
Globe Program, The 126
geostrophic wind assumption, 27-28, 318
diagram, 28
glossary, 311-326
gopher, 143
gradient wind, 30
diagram, 30
gravitational constant (G), 107
Greenwich Mean Time, 63
ground station, 117, 119, 150
components, 119
configuraton, diagram, 119
Hadley cell, 19-20, 22, 318
diagram, 19. 20
Hadley, George, 20
heat energy, 17, 19. 20
heat island, 215
hertz (HZ), 71, 96
Hertz, Heinnich, 71
heterogeneous field of view, 50-51

High Resolution Picture Transmission (HRPT). 84

94, 96
hornizontal divergence. 29
diagram, 30
horse latitudes, 20, 318
hurnicane, 13, 59, 259
actvity, 257

analysis chart, 264
background, 259
image, 60
hygroscopic, 47
hypertext, 144
imager, 70, 258
inclination angle, 111
infrared imagery, 49, 50, 95, 192
activity, 190, 233
infrared waves, 235
INSAI, 99
interference, 122
International Weather Watchers, 135
Internet, 12, 31, 61, 134-135, 140-145
Internet Society, 135, 141
inter-Tropical Convergence Zone (ITCZ). 17- 21,
35, 284
actvity, 280
background, 284
isobars, 14, 27, 29, 319
ITCZ. see Intertropical Convergence Zone
jet, 33
jet core. 34
jet streak, 34-37. 43, 63
diagram, 35
jet stream, 22, 33- 37, 55, 63
diagram, 33, 35
Kepler, Johannes, 109
Kepler's Three Laws of Motion, 109-110
Keplerian Elements, 111-] 12, 115,125, 319
latent heat of condensation, 49
latitudinal temperature gradient, 33
Ifting, 46
line of apsides. 111
login, 61
Loop. 63, 320
activity, 255
low pressure, 27, 37
MAPS-NET, 2
mass mixing ratio, 44
McMurdo, Antarctica, 72
meridiondl flow, 20. 320
mesoscale? 14, 57. 320
Mesoscale Convective Complex (MCC), 57
diagram, 58
Mesoscale Convective Systems (MCS), 57
mesosphere, 19

diagram, 19
meteorological satellites {see, environmental
satellites)




METEOR, 99, 112 diagram, 110, 111, 112
meteorograph, 31 paths, 150
METEQOSAT, 74, 121 orbital data, 112-116
METSAT (see, U.S. Operational Meteorological orbital elements, 113
Satellite Program) Orbital Information Groups (OIG), 114
mget, 62 orbital mechanics, 105
microwaves, 235 ozone, 18
mid-latitude cyclone (see, extratropical) parabolic reflector, 121
millibars, 44, 321 partial pressure, 44
Mission to Planet Earth (MTPE), 3 passive instrumentation, 70
mixing cloud, 46 perigee, 111, 322
model, 3, 16 PGF. see pressure gradient force
momentum, 108 photons, 235, 236
change of, 108, 321 pixel, 92, 192, 203, 267
Nauonal Aeronautics and Space Administration polar front theory, 24-31
(NASA), 73, 92 diagram, 24
NASA Education Satellite polar jet stream, 31, 34
Videoconference Series, 128 polar-orbiting satellite, 9, 16, 72, 91, 92, 94,
NASA Goddard Space Flight Center 96, 119
(GSFC), 73 comparison with GOES satellite, 91
NASA Prediction Bulletin, 321 coverage, diagram, 90
NASA Spacelink, 116, 125, 128 frequericies, 96
NASA Teacher Resources, 129-131 image, 11,12
Central Operation of Resources for other nations, 99
Educators (CORE), 129 paths, 150 ‘
Regional Teacher Resource Centers polarization, 69
(RTRCs), 129-132 precipitation, 322
NASA Television, 129 prevailing westerlies, 20. 21
National Air and Space Museum, 126 diagram, 31
National Center for Atmospheric Research pressure, 29
(NCAR), 126 high, 29
National Ervironm 2ntal Satellite, Data, and low, 27
Information Service (NESDIS), 73, 97 trough, 25
National Oceanic and Atmospheric pressure gradient force (PGF), 27, 29, 322
Administration (NOAA), 73 92, 112, 132- radio frequency (RF), 122
133, 321 radio frequency, 71
National Weather service 'INWS), 97 diagram, 71
River Forecast Centers, 139 signals, 71
Weather Forecast Office Locations, spectrum, 71
137-139 radio meteorograph, 25
Newton, Sir Isaac, 107 radio waves, 235
Newtons Laws, 28, 107-108 radiometer, 70
of Motion, 108 radiosonde, 25, 31, 323
of Universal Gravitation, 107 Red Cross, 123
noise, 59, 188 relative humidity, 46
northeaster, 55 remote sensing, 2, 26, 65, 67, 323
northern mid-latitudes, 9 resolution, 12, 9/, 323
occlusion, 25, 321 ridge. 13, 28 29, 37, 323
occlusion stage, 25 ridge axis, 13, 323
orbit, 105 110 right ascention of the ascending 11,323 .
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sateliite, 9 topographic lifting, 47

satellite image (also see GOES image. polar- tornado, 14, 57
orbiting image), 150, 324 Total Ozone Mapping Spectrometer (TOMS), 4
simulating, 203-20/ trade winds, 21, 325
satellite signature, 13, 324 tropical latitudes, 17
satellite tracking programs, 116 Tropi al Rainfall Measuring Mission (TRMM), 4
saturation, 44 tropopause, 33, 35-27, 325
saturation pre ‘sure (es), 44-46 troposphere, 18, 19, 33, 35-37, 50, 325
scatterometes, 70 diagram, 19
Science Content Standards, | trough 13, 28-29, 31-32, 37, 325
sea surface temperature (SST), 47 diagram, 32
Sea-Viewing Wide Field Sensor (SeaWiFs), 4 trough axis, 13, 325
semi-major axis, 111 true anomaly, 111, 325
sensors, 70 Two-line Orbital Elements (TLES), 114
short wave trough, 32-34, 37 ultra high frequency (UHF), 71
diagram, 32 ultraviolet rays, 235
sieet, 57 University Corporation for Atmospheric
small scale disturbances, 32 Research (UCAR), 127
snowfall, 57 University of Maryland, Department of
solar radiation, 18, 95 Meteorology, 2. 7
sounder, 70, 258 UNIX, 61
Space Environment Monitor (SEM), 258 upper air charts, 63
GOES-7, 78 upper air soundings, 30
GOES I-M, 82 Upper Atmosphere Resarch Satellite (UARS), 3,
Spacelink (see, NASA Spacelink) 72
stationary polar front (see, fronts) U.S. Department of Agriculture, 126
stratosphere, 18, 19, 33, 285 U.S. Department of Energy, 126
diagram, 19 U.S. Environmental Protection Agency, 127
storm surge, 259 U.S. Fish and Wildlife Service, 298-299,
storm tide, 259 302-303
stetching pixels, 192, 198 U.S. Geological Survey, 127
Striped Bass (Morone Saxatlis). 300-302 U.S. Government Printing Office, 127
Emergency Striped Bass Act, 301 U.S. Gperational Meteorological Satellites
subgeostrophic, 29 (METSAT) Program, 73
subtropical jet, 34 Vg (see, geostrophic wind)
super high frequency (SHF), 71 vapor pressure, 45-46
supergeostrophic, 29 vendors, direct readout equipment, 136
surface cyclone, 35 velocity, 29, 325
surface lo - pressure, 32- 35 very high frequency (VHF), 71
diagram, 32 Visible-infrared Spin Scan Radiometer (VISSR)
synoptic scale, 14 Atmospheric Sounder (VAS), 78
temperature, 45-46 visible images, 50, 95
temperature gradient, 22, 37, 43, 55, 325 visible light waves, 235
thermal emissions, 95 WWW (see, World Wide Webb)
thunderstorm 26, 39, 51, 54, 57, 325 warm sector, 14, 326
activity, 242 water vapor, 44-48
reference sheet, 245 water vapor pressure, 45
TIROS-N, 68, 84, 85-89 wave, 13,17, 24
TIROS-N elements, 85-89 motion, 13, 17
TOPEX/POSEIDON, 3 pattern, 37




structure, 13
theory, 25
train, 33
wavelengths, 69, 326
Weather Channel, The, 135
Weather Facsimile (WEFAX), 71, 74, 78, 150,
258
Weather Forecast Office (see National Weather
Service)
weather satellites (see, environmental satellites)
weather symbols, 24, 326
activity, 151
chart, 153, 156
WEFAX, see Weather Facsimile
winds
easterly, 22
trade winds, 21
westerly, 22, 31
World Wide Webb, 144
Wright, Wilbur, 67
X-rays, 235
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